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PREFACE TO THE SIXTH EDITION. 

In the following pages I have endeavoured to reason out 
in 4 clear and accurate manner the leading propositions of 
the science of Arithmetic, and to illustrate and apply those 
propositions in practice. 

Every writer on Arithmetic at the present day feels the 
necessity of explaining the principles upon which the rules of 
the subject are based, but every writer does not as yet feel 
the necessity of making these explanations strict and complete; 
or, failing that, of distinctly pointing out their defective cha- 
racter. Difficulties are still avoided or slurred over, and in- 
complete proofs without one word of remark or warning are 
used as though they were full and satisfactory. This surely 
ought not to be. If the science of Arithmetic is to be made 
an effective instrument m developing and strengthening the 
mental poweTS, it ought to be worked out rationally and con- 
clusively. 

In the practical part ol the subject, L have advanced some- 
what beyond the majority of preceding writers ; particularly 
in Division, in Greatest Common Measure, in Cube Root, 
in ihe Chapters on Decimal Money and the Metric System, 
and more especially in the application of Decimals to Per- 
centages and cognate subjects. So long as the mania for 
neat answers continues to exist, so long will Decimals fail to 
take their legitimate place in the class-room, and be relegated 
to the office and the counting-house. 

The Chapter on Weights and Measures and the Metric 
System is longer than usual, but not I hope uninteresting. 
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The tendency of the present day is llo make use of the Metric 
System in international transactions and scientific pursuits; 
but to the retail dealer and his customers our present system 
presents so many advantages, that I almost doubt the possi- 
bility of uprooting it. They first divide into halves, into 
quarters, and into eighths, then into thirds and into sixths, but 
very rarely into fifths or tenths. The probability therefore is 
that, in this country, the two systems will exist side by side, 
the scientific and the practical; just as we have two systems 
of logarithms, and two ways of measuring angles. 

in the earlier part of the work I have used the Method of 
Reduction to the Unit, but I am far from advising an exclusive 
adherence to that Method ; when the student has gained a 
clear and firm grasp of ratio, it would be unwise of him to 
neglect the powerful instrument that has come into his pos* 
session. 

I have to express my man} and great obligations to the 
College Lectures on Arithmetic of Professor Kelland, and of 
the late Professor Pc Morgan: I have also consulted with 
advantage the works of I, no mis, Lion net. Serrct, and licit rand. 
Any .student wishing for a more detailed explanation of the 
earlier portion of Arithmetic, will meet with it in the admirable 
treatise of Messrs Sonnensehuin and Nesbitt. Of the ex- 9 
amples about one half arc original; fhe other half arc selected 
from University and College Examination papers, and from 
papers given in the various competitive Examinations. 

I shall be thankful to receive and glad to .acknowledge 
any suggestions or corrections that may be offered to me on 
any part of the work, 

Cheltenham Coi.i.euk, 

)unt, i88r. 
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ARITHMETIC 


CHAPTER I. 

DEFINITIONS. NAMES OF NUMBERS. NOTATION AND 
NUMERATION. 

1. YVhatF.VKR is susceptible of increase or diminution is called 
a magnitude. 

2. A magnitude may be continuous , that is, whole and undivided, 
as the length nf a field, the water of a reservoir; or it maybe made 
tip of separate and distinct parts, as a heap of pebbles, a flock of 
sheep. 

3. When a magnitude is continuous, we take some well-defined 
magnitude of that kind which we call its unit, and by repeating this 
unit a sufficient number of times, we make up the given magnitude. 
If the magnitude be made up of distinct objects, wc lake an object 
of that kind as out unit , and observe how many such uqits must be 
taken to make up the given magnitude. 

4. When a magnitude is represented as made up of repetitions 
of its unit, it is called a quantity, and the result of the comparison 
of the given magnitude with its unit is called a number: thus the 
length of a held, a heap of pebbles are magnitudes; twenty yards, a 
hundred pebbles arc quantities; twenty and ahundred are numbers . 

In Mathematics we are only concerned with those magnitudes 
that ran be referred to a unit and expressed as quantities. 

5. N umbers are often spoken of as concrete or abstract according 
as the natyfe of the unit in any particular case is or is not men- 
tioned ; thus twenty yards, a hundred pebbles, are called concrete 
numbers, but twenty, a hundred, are called abstract. 

U-5. A. 1 
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2 NAMES OF NUMBERS. 

An abstract number is therefore a number in its proper sense, 
conveying the idea of times or repetitions ; ana a concrete number 
is simply a, quantity. 

6. Arithmetic is the science of numbers:- it explains their 
nomenclature and notation, it investigates their properties, anti 
points out methods of making calculations by means of them. 

NAMES OR NUMItKRS- 

y, To a unit standing by itself we give the name one unit : to 
one unit and one unit taken together, we give the name two units ; 
tu two units and one unit three units: to three units and one unit 
four units : and so we may proceed to an endless extent. Or, 
speaking only of the numbers employed, without reference to any 
particular unit, we may say — one and one taken together is called 
two : two and one, three: three and one, /our; and so on. But if to 
each of the successive numbers Ihus formed we were to give an in- 
dependent name, our range of numbers would of necessity be very 
limited. We will therefore shew how by a few independent names, 
and by a systematic combination of them, we can express all the 
numbers wc require. 

8 . The names of the first numbers in order are- one, two, three , 
four, five, sir, seven, eight, nine. These nine numbers are cal led 
simple numbers, and units of the first order. Their names arc per- 
fectly arbitrary. 

y. To nine and one we give the name ten. Ten forms a single* 
unit of the second order, and wc repeat or count by ten, as wc before 
counted by one ; thus 

one-ten, two-ten, three-ten, four-ten, nine-ten ; 

or treating ten as a simple number { 9 ), and remembering that “ty" 
or tig is equivalent to ten, we say 

ten, twenty, thirty, forty, ninety. 

The names of the numbers between ten and twenty arc formed 
irregularly ; the first is eleven, supposed to come from the Gothic 
ainlij (ain one, and lif ten), the next is twelve from the Gothic 
tvalif (< tva two, and lif ten), and the others explain themselves ; 
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thus we have 

eleven, twelve, thirteen, fourteen, fifteen,', nineteen, 

TJie names of the nine numbers between twenty, and thirty, 

thirty and forty, are formed by placing the names of the first 

nine numbers (8) in order after twenty, thirty, 

to, Ten units of the second order form a single unit of the third 
urflcr, which is called a hundred: and wc count by hundreds as we 
counted by simple units, thus 

one hundred, two hundred, three hundred, nine hundred. 

The names of the numbers between one hundred and two hun- 
dred, two hundred and three hundred, are formed by placing 

the names of the first ninety-nine numbers in order after one hun- 
dred, two hundred, 

i r. Again ten units of the third order form a single unit of the 
fourth order, which is called a thousand: also ten thousands form 
a singles unit of the fifth order, and ten ten-thousands or a hundred 
thousand (to) form a single unit of the sixth order : but instead of 
calling these numbers by independent names, we consider a thou- 
sand as a second principal unit, and count by units, tens, and 
hundreds of thousands. 

The names of the numbers between one thousand and two thou- 
sand, two thousand and three thousand,. arc formed by placing 

the first nine hundred and ninety-nine numbers in order after one 
thousand, two thousand 

12. Again ten hundreds thousands or a thousand thousands (x i) 
form a single unit of the seventh order, which is called a million ; 
and we consider a million as a third principal unit, and count by 
units, tens, hundreds, thousands, ten-thousands, and hundred-thou- 
sands of millions. 

The names of the numbers between one million and two millions, 

two millions and three millions, are formed by placing in order 

all the numbers from one to nine hundred and ninety-nine thousand 
nine hundred and ninety-nine after one million, two millions, 

1 3. Lastly ten hundred thousand millions, or a million millions 
(12) is calleda billion, a million billions a trillion, a million trillions 
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a quadrillion, anti so on j and we count* by units, tens, hundreds, 
thousands, ten-thodsands, and hundred-thousands of billions, tril- 
lions, quadrillions, ...precisely as we do in millions. 

The names billions, trillions, were purposed by T-ocke {Essay eon- 

tenting Human Understanding, Book is, t6) in place of millions, of millions, 

millions of millions of millions, and are very convenient for scientific 

purposes, but the wants of ordinary life seldom require that we should 
proceed beyond millions. 1 

In France and some parts of the United Stales of America, a thousand 
millions is called a billion, a thousand billions a trillion, a thousand trillions 
a quadrillion, and mi on ; hence our billion is their trillion, our trillion (heir 
quintiilion, etc, 

14- It appears (lien that 

ft) Wc employ practically no more than thirteen independent 
words:- one, two, three, four, five , six, seven , eight, nine, ten , httn~ 
tired, thousand, million. 

(2) Ten units of any order always make one unit of the next 
higher order. 

(3; Every number is made up of units of successive orders, the 
number of units in any order never exceeding nine. 

Ex. j. Five hundred and sixty-nine, may be expressed as 

Five hundred six tens and nine units. 

Ex. 2, Seven millions six hundred and four thousand and thirty- 
two, may be expressed as 

Seven millions six hundred-thousands no ten-thousand four 
thousand no hundred three tens and Fso units. 

Exercise t. 

Express the following numbers as made up of units of each successive 
order from the highest to the lowest : 

1. Sixty-seven ihmisauil and forty-eight ; forty thousand and forty. 

1. Nine hundred and six thousand five hundred and four. 

3. Forty-five millions seven hundred and thirty-four thousand six hun- 
dred ami ninety-one. 

4. Twenty- seven thousand and five millions eighty-seven thousand three 
hundred and three. 

5. What is the number next less than a thousand? a million? 

6 . Find the regular expression equivalent to Eighteen hundred and 
seventy-seven; Eleven hundred and one; Twenty-three hundred thousands. 
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DOTATION AND NUMERATION. 

15. Notation is the art of representing the names of numbers 
by means of a few written characters. The system we use is called 
the Arabic, because it was introduced into Europe by the Arabs in 
the twelfth century, but it is undoubtedly of Hindu origin. 

JThe converse process of reading the names* of numbers when 
expressed in written characters is called Numeration. 

16. To express the name of any number in figures. 

(1) .Represent the first nine numbers by the following nine 
characters, called figures or digits: 

1, 2, 3> 4, 5i 6, 7 , 8, 9, 

and represent the absence of units by a tenth figure 0, called mmght 
or cipher. 

{2) Express the given number as made up of successive orders, 
from the highest to the lowest, taking care that no order shall be 
missing (14, 3); and as the number of units in each order is either 
one of the first nine numbers, or is nought, replace the number of 
units in each case by its corresponding figure. 

{3) Write now the figures of each order in succession in horizon- 
tal line beginning with the highest; and adopt the convention that 

Figures occupying the first, second , third.., place from the right 
shall represent units of the first , second, third. ..order; 
and the given, number will be completely represented iu figures. 

Ex. 1, Write in figures, Five-hundred and sixty-nine. 

This number is— 5 hundred 6 tens and 9 units (14, 3); and is 
therefore written in figures thus 569 

Ex. 2. Write in figures, Seven millions six hundred and four 
thousand and thirty-two. 

This number is— 7 millions 6 hundred thousand 0 ten-thousand 
4 thousand o hundred 3 tens and 2 units (14, 3); and is therefore 
written iu figures thus 7604032. 

17. If the given number contains thousands, we shall find it 
convenient — First to writedown in figures the number expressing 
the thousands, and to its right the rest of the number:— and if the 
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rest dues not contain thru figures, rv ' must prefix (he requisite 
number of ciphers. 

Ex. 3. W rite in figures Twenty-five thousand three hundred 
and forty six. 

The number of thousands is expressed by 25, and the rest by 
346 ; therefore the given number is expressed by 25,346. 

Ex. 4. Write in figures Eighty-thousand and forty-six. 

The number of thousands is So. and the rest is 46 or 046 ; there- 
fore the given number is 80,046. 

And if the given number contains higher orders than hundred 
thousands:— If >//« down in figures the number of units of the 
highest principal order , to its right the number of the next primipal 
order-,... then the number of millions , and lastly the rest of the 
number: - and if any order except the first does not contain six- 
figures, prefix the requisite number of ciphers. 

Ex. 5. Express in figures Forty-six billions three hundred thou- 
sand and sixty-nine millions four thousand and forty. 

The number of billions is expressed by 46, of millions by 300069, 
and the rest by 4040 or by 004040 ; therefore the number is ex- 
pressed by 46, 300069,004040. 

18. To the general rule in Notation there corresponds the 
following rule in Numeration 

Proceeding from left to right, writedown the name of each figure. 
Sussexing the order of its units. 

Ex. I. 736 represents .Seven hundreds three tens and six units : 
or more simply, Seven hundred and thirty-six. 

Ex. 2. gto represents Nine hundreds one ten and no units, or 
simply, Nine hundred and ten. 

But if the number does not contain more than six figures wc shall 
find it convenient To mark off the last three figures to the right , 
then to write down the period to the left as a number by itself 
annexing thousands, and then the other period. 

Ex. 3. 763054 is marked off thus: — 763,054, and represents 
Seven hundred and sixty-three thousands and fifty-four. 
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And if the number contains more than six figures:— Mark off 
the last six figures % the rights then the next jir, and so on until 
not tyore than six remain : proceeding now from left to right , write 
down each period as a number by itself annexing the order of units 
it represents . 

Ex, 4, 34567008093402 is marked off thus : — -34, 567008. 093402, 
an£ is read Thirty-four billions five hundred and sixty-seven thou- 
sand and eight millions , ninety-three thousand four hundred and two. 

19. In the system of Notation we have explained, a figure has 
two distinct values — otic absolute or intrinsic r depending on its 
shape, the other local, depending on the place it occupies in a given 
number ; thus in 65345251 the figure 5 in one place represents five 
tens, in another five thousands and in another five millions. 

20, The number of units in any order which is taken to form 
a unit of the next higher order is called the base of the system. 
Hence in our system the base is ten, and it is therefore called the 
decimal system. Had the base been twelve, it would have been 
called the duodecimal. We may also remark that when the base is 
ten we require ten figures, nine significant and the cipher ; and in 
like manner if the base were twelve, we should require twelve 
figures. 

Exercise 2. 

Express in figures:— 

l . Seven hundred and seven thousand and seventy. 

а. Twelve millions twelve thousand and twelve. 

3. Six hundred ami forty millions sixty-four thousand six hundred. 

4. Eight hundred and seven billions eighty thousand and eight millions 
six hundred thousand and fifty. 

Express in words the following numbers: 

{. 90960; 70047; 600304; 780983; 6008029; 50706004. 

б. 407017170; 370094586061; 30400736020095347. 

7. Express in words the following number, both after the English and 
the French met hod, —6965364833 1 864.00 35073641 03 ; . 

8. Write down the greatest and least numbers of three figures. How 
many numbers are represented by three figures? 



CHAPTER II. 

THfi Fol k FUNDAMENTAL OPERATIONS, 

ADDITION. 

21. Addition is the operation by which we find a single number 
that is equal to two or more given numbers put together. 

This single number is called the sum of the given numbers. 

22. Case I. To find the sum of tv>o simple numbers. 

For example find the sum of 7 and 3. 3 is the sum of 2 and 1 (8), 
and therefore the sum of r, i and 1 : and adding each of these 
ones in succession to 7, wc have 7 and r is 8, 8 and 1 is 9, 9 and 1 
is 10; that is, ihe sum of 7 aud 3 is 10. Hence, to add 3 to 7 we 
have simply to count forwards 3 steps from 7 thus— 8, 9, 10 : and 
the last number gives the sum. And in the same way may be 
found the sum of every two simple numbers. 

23. We shall afterwards see that finding the sum of any two or 
more numbers depends on finding the sum of every two simple 
numbers: it is therefore necessary that all such sums should be 
thoroughly learnt by heart. 

24. Case II. To find ihe sum of any l wo or more numbers. 

(1} Suppose each of the numbers decomposed into its simple 
units, tens, hundreds,... ; and find the sum of all the simple units, the 
sum of all the tens, the sum of all the hundreds,... : the sum of these 
partial sums will give the sum required, for it will contain all the 
parts which make up all the given numbers and no more. For 
convenience in effecting these partial sups write the numbers 
under one another, so that units of the same order may 
be in the same vertical column, and draw a line below. In *** 
this way the sum of 231, 423 and 13$ is found to be 9 units, jjj 
8 tens and 7 hundreds, or 789. 789 
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(2) If the sum of the units in any order exceeds 9, we avail 
ourselves of the following principle usually termed carrying: 

Tl\$ tens of any order in a partial sum may be carried as units to 
the next higher order ; 

for ten units of any order are equivalent to one unit of the next 
higher order (14). 

(?) Lastly instead of finding all the partial sums, and then carry- 
ing the tens of any order as units to the next higher order, we may 
add the number carried from any column to the first number in the 
next column, instead of to the sunt of that column; and as the 
carryings are made from any column to the next one on the left, we 
ought to hegin the work at the first column on the right, 

We have then the following general Rule : 

(1) Write the numbers under one another , so that units of the 
same order may be in the same vertical column, atul draw a line 
underneath. (3) Begin at the first column on the rights and find the 
sum of the numbers in that column : set down below the column the 
units' figure if the sum and carry the tens to the first figure of the 
next column. (3) Having carried (has, find the sum of the second 
column : set down and cany as before. (4) Proceed in this way 
through all the columns , and below the last, write down its sum at 
full length. 

25. A Proof is a second operation which serves as a test of the 
:orrcctness of the first. 

The Proofs of Addition depend on this principle The sum of 
several numbers is not affected by the order in which they are add- 
ed together. For the sum of the units in the three following groups, 
mini, mu, m, 

will be the same in whatever order we add them together : thus 
the sums of 7, 5 and 3 ; of 5, 3 and 7 ; of 3, 5 and 7 are the same. 

26. Proof. As we usually begin at the bottom of each column 
and add upwards, in the proof begin at the top of each column and 
add downwards;— if at each step the results coincide , we tuny pre- 
sume that the work is correct. 
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Ex. Find the sum of 82093, 9386, 5 [^64, 475 and 123897. 

S2093 

9386 

51764 

475 

123897 

267615 

Beginning at the units’ column and repeating (he result only of each step, 
say 12, 16, 21, 23: set down 5, ami entry 2 to the first figure of the second 

column; 

then say it, 18, 14, 35, 41 : set down 1 and carry 4; 

1 1, 16, 2 3, 16, set down 6 ami tarry 2 ; 
and so proceed through all the columns. 

For the Proof, liegiu at the topof each column and add downwards: thus 
for the units' column say, 9, 13. 18, 13; for the second column it, 19, 15, 
32, 41, Sic, And as at each step these results coincide with the former ones 
we presume that the work is correct. 

Exercise 3 

1. Find the sum of 4578, 3+71/1, 1385, 97, 30403 and 56589. 

1. Add together 1 15, 309486, 7098, dy, 11000, 2106 and 10785. 

3. Find the sum of six numbers each equal to 7903856. 

4. Add together the sum of five numbers each equal to 4597, and the 
sum of four numbers each equal to 89796. 

5. Add together, Eighty millions sixty-seven thousand and eighteen; 
nine Bullions seven hundred and six thousand five hundred and nine; eight 
hundred and one millions nine hundred and seven I y thousand seven hun- 
dred and sixty ; seven millions and seventy-seven; sixty millions six* 
hundred and six thousand ami sixty six; and five hundred ami fifty-five 
thousand and fifty. 

6. Find the sum of 69798856 and (he six following numbers. 

7. In +871 the population of England and Wales was 2370410ft, of 
Scotland 3358613, of Ireland 5+02759, of Islands in the British Seas 
144+30, and of the Army and Navy, &c. 207198: find the total population 
of the United Kingdom at that date. 

8. Find the net revenue of the United K&gdom for the year 1871-2, 
as derived from the ful lowing sources Customs >£20243044, Excise 
>£13486064, .Stamps £9739548, Land Tax and House Duty £2352181, 
Income Tax £9318103, Post Office £494 15 to, Telegraph Service £7516 11, 
frown Lands £4+6801, and Miscellaneous £+060315. 
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1 SUBTRACTION. 

27. # Subtraction is the operation by which we find what num- 
ber is left when a smaller number is taken from a greater. 

The greater number is called the Minuend, the smaller one the 
Subtrahend , and the number left the Remainder. 

2S. The number left is the difference between the two given 
numbers ; it is also the excess of the greater number over the less ; 
it is also the number which must be added to the less number to 
make it equal to the greater- 

29. Subtraction is the inverse of Addition in Addition two 
numbers are given to find their sum ; in Subtraction the sum of iwo 
numbers is given and one of the numbers to find the other. 

30. Case I. When the Subtrahend is a simple number, and the 
Minuend less than that number increased by 10. 

For example subtract 3 from 7. Now 3 is the sum of 1, 1 and 1 
(22) : and subtracting each of these ones in succession from 7 we 
have— 1 from 7 leaves 6 (S), 1 from 6 leaves 5, and 1 from 5 leaves 
4 ; therefore 3 from 7 leaves 4. Hence, to subtract 3 from 7 we 
have simply to count backwards 3 steps from 7, thus— 6, 5, 4 ; and 
the last number gives the Remainder. 

Or, wc may ask to what number must we add 3 to get 7 : the 
answer is 4 ; hence if from 7 wc take away 3 the remainder is 4. 

31. Case II. When Minuend and Subtrahend are any numbers. 

(1) Suppose the numbers to he decomposed into their simple 

units, tens, hundreds..., and subtract the units, tens, hundreds.., of 
the Subtrahend, from the corresponding orders of the Minuend ; the 
sum of these partial remainders will give the remainder required, 
for it gives what is left when all the parts of the Subtrahend have 
been taken away from Hie Minuend. For convenience place the 
Subtrahend under the Minuend so that the units of the same order 
may be in the same vertical column, and draw a line below. ^3 
In this way the remainder in subtracting 235 from 978 is 235 
found to be 3 units 4 tens 7 hundreds, or 743. ?43 



12 


SUBTRACTION. 


§ 3 >- 


{2) If the units of any order in the Subtrahend exceed those 
of the Minuend wc avail ourselves of the following principle, usually 
termed borrowing; « 

The Minuend and Subtrahend may be increased by the same 
number without altering their difference : 
hence we may increase the number of units in any order of the 
Minuend by 10, if we increase that of the next higher order irf the 
Subtrahend by 1. 

(3) Lastly if wc proceed from right to left, the partial remainders 
at each step will be finally obtained, for the borrowings are always 
made from one order to the next higher order ; and having found 
all the partial remainders we have found the tinal remainder. 

We have then the following Kule : 

(1) Write the Subtrahend under the Minuend, so that units of 
the same order may be under one another, and draw a line below. 
(2) Beginning at th e units' figure, subtract cacti figure of the Sub- 
trahend from the one above it in the Minuend, and place the 
remainder immediately below; and if in any case the figure of the 
Subtrahend be greater than the one above it, add to to the latter 
figure and then subtract , taking care to add \ to the next figure of 
the Subtrahend. 


32. We may use either of the following proofs in Subtraction : — 
0 ) Add the Remainder to the Subtrahend:—- wc ought to obtain 
the Minuend (28). 

(2) Subtract the Remainder from the Minuend: we ought to 
obtain the Subtrahend. 

Example. Subtract 28549 from 54627. 


54627 Minuend 
28549 Subtrahend 
26078 Remainder 


Beginning at the units’ figures, proceed thus:— 
9 from 17 leaves 8: set down 8; 

4 and ] is j, S from 1 1 leaves 7 

5 and 1 is 6, 6 from 6 leaves 0 

8 from 14 leaves 6 : 

1 and 1 is 3, 3 from $ leaves 1 



But the student should accustom himself to repeat the following numbers 
only 


9r 8: 5, 7: <5, 0; 8, 6 : 3, i, 
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vi^ere the first number is (lie figure or increased figure of the Subtrahend 
and the second the co*esponding figure of the Remainder. 

Proofs. Adding the Remainder to the Subtrahend each step gives the 
corresponding figure in the Minuend. Or, subtracting the Remainder from 
the Minuend we get at each step the figure in the Subtrahend. 

Remark. In France it is usual to Aim from the next order in the 
Minuend; and the preceding example would be gone through thus;— 

^ftom I? U 8; 4 from ri is 7; 5 from 5 is 0; 8 from 14 is 6; * from 4 
is e. 

In this way the borrowing is delayed one step later than in our method ; 
and this is a disadvantage. 

32*. Since the Remainder added to the Subtrahend gives the 
Minuend, ive may at each step find what figure added to the figure 
of Subtrahend will give the figure of the Minuend. 

The preceding example would be gone through thus, where the dark figure 
is (lie one to lie set down on the Remainder: •— 

9 and ft is 17; 5 and T is u; 6 ami 0 is fi; S am! ft is 3 and 2 is $. 

This method is especially convenient when we arc re- 
quired to take from a number the sum of several numbers. 

In the following example we proceed thus 

> 3 * >3 and 3 is xS ; 7, 10, 17 and 7 is 14; 

1 o, 1 9, 15 and ft is J3 ; 3 and 3 is 3. Rcrnd. '2873 

33. The iompUnunt of a number is its defect from to units of 
the number 5 * highest order ; thus the complement nf 57364 is 
its defect from 10,0000. 

But 100000 is 99999 and l : hcncc we may subtract each of the 
figures of 57364 from 9, except the units 5 figure and that we must 
subtract from 10: thcrefoTc^its complement is written off from lift 
to right at sight thus, 42636. 

Exercise 4. 

1. Subtract 38967 from 123456. 

*, Find the difference Mwcen 78954 and 836523. 

3. What number must be added to 7965499 to give 541850*36? 

4. Front Twenty- three millions thirty thousand two hundred and thirty 
subtract Eight millions eight hundred tuid seven thousand and sixty-five, 

5. From the sum of 75301 and 6456 subtract the sum of 3087 and 56199. 


From 5348 
r'672 
Take ] 934 
( 869 
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6 . From the iliffi-rence between 3185 and 4 56 subtract the difleittiie 
between igon and i?45f. 

What number must be added to the sum of 750 and 3787 to make the 
result equal to the snm of 50?. two, 19 ami 1)603? 

8 . Write off the complement of 43 ; 574 1 999 !?: 54 > *59064- 

MULTIPLICATION. 

34. Multiplication is the operation by which wc find the sum 
of a given number repeated as many times as there are ones in 
another given number. 

The number to be repeated is calk'd the Multiplicand, the other 
the Multiplier, and the Slim found the /’/ oduct. 

The Multiplicand and Multiplier are called the Factors of the 
Product. 

33. I/we interchange Multiplicand and Multiplier , the Product 
ten tains the same. 

For write down 1 in a horizontal line 7 times, and repeat this line 
5 times. The sum of t acit horizontal line is 7. ami 1 r 1 t t 1 t 

there are 5 such lines, therefore the sum of all the 1 1 1 1 1 1 1 

. 1 1 1 1 1 t 1 

ones is 7 multiplied by 5. Again the stun of each 1 1 1 1 j t 1 

vertical line is 3 and there are 7 such lines. 1 t 1 1 1 t 1 

therefore the sum of all the ones is 5 multiplied bv 7 : that is 7 
multiplied by 3 is the same as 5 multiplied by 7. 

36. If tin Multiplier k a product of two numbers, uv may 
multiply by each of those numbers in succession. 

Let the Multiplier be 1 5. the product of 3 and 3: then to multiply 
67 by 15, we may multiply 67 by ; and the result by 3 
For write 67 in a horizontal line 5 times, and repeal this line 3 

times, then 67 will be repeated 3 times 3 or 13 ^ ^ ^ ^ 

times, and therefore the sum of all the numbers , 67 67 67 67 Uj 

written down is f>j multiplied by 15. Hut the ^ ^ ^ (> ? 

sum of each horizontal line is 67 multiplied by 5, and there are 3 
such lines, therefore the sum of all the numbers written down is 
this product multiplied by 3 7 — that is to multiply 67 by 13 wc may 
multiply 67 by 5 and the result by 3, 
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37. Case 1 . When Multiplicand and Multiplier are simple 
numbers. 

Fnj example multiply 7 by 3. Here we have to find the sum of 
7 repeated 3 times, or the sum of 7, 7 and 7 ; but this sum is 21 ; 
that is 7 multiplied by 3 is 2r. 

Arid in the same way must be found the product of every two 
simple numbers. 

38. We shall afterwards see that the product of any two numbers 
depends on the product of two simple numbers : it is therefore 
necessary that the product of every two such numbers should be 
thoroughly learnt by heart. Every such product will he found in 
the following Table, called the Multiplication Table. 


I 

2 

3 

4 

5 

6 

7 

8 

9 

JO II 

12 

2 

4 

6 

* 

10 

12 

>4 

16 

18 

20 

22 

2+ 

3 

6 

9 

* 

15 

18 

21 

24 

27 

3°* 

33 

36 

4 

s 

12 

16 

20 

24 

28 

32 

36 

40 

44 

48 

S 

10 

J5 

20 

25 

3° 

35 

40 

45 

50 

55 

60 

6 

12 

iS 

24 

30 

3b 

42 

48 

54 

60 

66 

?2i 

T 

14 

1 

28 

35 j 

4: 

49 ! 

56 

*3 

7o 

77 

84 

8 

1 16 

[JT; 

i S 2 j 

[4° 1 

48 

;Zi 

17 

72 

So i 

! 88 

96 

9 

: 18 

27 1 

\J\ 

I 45 j 

j 54 ! 


1 73 

Si 

90 i 

i 99J 

108 

iq 

1 

3° 

| 40 

3 

[*60] 

7° 

|*T] 

90 

| 100 

no ; 

120 

-d 


33 

44 j 

55 

66 

77! 

1 88 

99 

j 110 

1 21 

132 

2} 

24 

1 3^1 


60 ; 

! 7- 

! «4 i 

96 

j 108 

j 120 

* *32 

I44 


The first horizontal line gives the numbers t, 2, 3,. ..12, and each 
line is derived from the preceding by adding r, 2, 3,,.. 13 in order ; 
hence the second line gives the respective products of these numbers 
and 2 ; the third line the respective products of these numbers 
and 3 ; and so on. Hence to find the product of 7 and 3 we look 
for the vertical column with 7 at the top and in the third line we 
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find 21, or (35) we look for the verticil column with 3 at the top 
and in the seventh line we find 21, the product required. 

For the products of simple numbers the Table is carried to 9 
times 9 only ; but as the products of 10 and 1 1 are easily learnt anti* 
the products of 12 are much used in business transactions, the 
Table is usually carried to 12 times 12 ; and the pupil should 
gradually extend it to 12 times 20. 

39. Case II. U 'hot the Multiplicand is any number and the 
Multiplier a number not greater than 12. 

(t) We have to find the sum of the Multiplicand repeated 
as many limes as there are ones in the Multiplier (34.}: that is 
wc have to find the sum of the simple units, tens, hundreds,.., 
of the Multiplicand repeated as many times as there arc ones ' 
in the Multiplier t ?4; ; or in other words we have to multiply the 
simple units, tens, hundreds,.., of the Multiplicand by the Mul> 

* tiplier. For convenience write the Multiplier under the 
units’ figure of the Multiplicand and draw a line under- M 22 
neath. In this way, the product of 3122 by 3 is found to 
be 9366. n 

(2) If any partial product exceeds 9, wc carry as in Addition ; 
that is wc set down the units’ figure of such product and carry the 
tens’ figure to the next partial product (24, 2}. 

(3) Wc begin at the units’ figure of the Multiplicand and 
proceed from right to left for the reason given in Addition (24, 3), 

Wc have then the following Rule: — 

ft) Write the Multiplier under the units' figure of the Mul- 
tiplicand and draw a line underneath. {2} Begin at the units’ 
figure of the Multiplicand t and multiply each figure in succession 
by the Multiplier, set ling down and carrying precisely as in 
Addition. 

Kx. t. Multiply 3468 by 7. 

3468 

7 

24276 


3468x7 

24276 
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Here say 7 limes 8 1 ^ 56 : set down 6 and carry 5; 

7 times 6 is 44 and 5 carried is 47 ; set down 7 and carry 4 ; 

7 liiucs 4 is 18 and 4 is 3* : set down a and carry 3 ; 

7 limes j is 11 and 3 is 24: set down 14. 

But in effecting this operation we ought only to say 
56; 41, 47; 28, 32; 21, 34. 

4<* Case III. When the Multiplier is a simple number fol- 
lowed by one or more noughts. 

(1) Take any number 3468 and multiply it by jo in 
the ordinary way : we see that the product is formed 3468 
by simply placing a nought to the right of the given 
number. In like manner, wc multiply a number by 
too, or by 10 times jo, by placing 2 noughts to its right; and by 
rooo by placing 5 noughts to its right ; and so on. 

(2) Suppose now that the Multiplier is 400,— then since 400 
is the product ol 4 and joo, wc may multiply the Multiplicand 
by 4 and the result by 10 0 (36); that is we may multiply by 4 and 
then place 2 noughts to the right of the result 

We have then this Rule:— 

Multiply the Multiplicand by the simple number, and to the fight 
of ike mult place as many noughts as there are noughts to the 
righ i of the Multiplier. 

Ex. 2. Multiply 5867 by 70 ; and by 400. 

5% 5^7 

70 400 

410690 2346800 

41. Case IV. When Multiplicand and Multiplier are any 
numbers. 

Multiply 5867 by 2479. The product is the sum of 5867 repeated 
2479 times; and 2479 is the sum of 9, 70, 400 and 2000; if there- 
fore we repeat 5867 9 times, then 70 times, then 400 times, and 
then 2000 times, we shall have repeated it in all 2479 times; 
that is the product of 5867 by 2479 is the sum of the products 
B.-S A . 2 
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of 5S67 multiplied by 9, by 7°. by ami jjy 2000. The first of 
yiese partial products is found by Case II., and the others by 
Case III. 

For convenience, write the Multiplier under the Multiplicand 
and draw a line below; and under this line place as they arise 
the products by 9, by 70, by 400, and by 2000 ; and arrange that 
in Multiplicand, Multiplier, and the partial products, units of the 
same order may be under one another, and therefore the arrange- 
ment will hold for the final product : thus— 


5S67 5867 (B) 

H 79 .‘479 

52803 -product by 9 52803 

410690= 70 41069 

2346800=.- 400 23468 

11734000 = 2000 t >734 

4544293 - -479 4544*93 


And if instead of multiplying by 70, 400 and 2000 we were 
Vo Tow\v\\fo} by 3, 4 and 2, and to place the units' figure of the 
respective products under the figute we were tnn\t\p\y\n^ by , we. 
should obtain the same result, and our work would stand as at (U;. 

We have then the following general Rule 

(1) Write the Multiplier under the Multiplicand, so that units 
of the same order may be under one another, and draw a line 
underneath (2) Begin at the units' figure of the Multiplier and 
multiply by each of its figures in order, writing down each partial 
product so that its first figure shall be under the figure of the 
Multiplier that produces it. (3} Add together these partial pro- 
ducts; their sum is (he product required. 

42. Case V. When Multiplicand and Multiplier are both ter- 
minated by noughts. 

Multiply 347000 by 2100. We multiply by 2100 by multiplying 
by 21 and placing 2 noughts to the right of the result (40), and 
we multiply 347000 by 21— which we will suppose to be done 
in one operation by Case II.— by first setting down 3 noughts 
and then multiplying 347 by 21;— that is we multiply 347000 by 
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2100 by multiplying 347 ty 21 and then placing 3 noughts and 
then 2 noughts to the right of the result, that is, as many noughts 
as tiyre are in Multiplicand and Multiplier together. Hence we 
have this Rule 

Suppose the noughts at the right of Multiplicand and Multiplier 
suppressed find the product of the resulting numbers , and to the 
right of this product place as many noughts nr were supposed to 
be suppressed in Multiplicand and Multiplier together. 

Ex. 3. Multiply 365700 by 70; aiul by 67000. 

365700 365700 

70 67000 

25599000 '25599” 

21942 

24501900000 

43. We may adopt the following Proofs in Multiplication : 

Proof I. Interchange Multiplicand and Multiplier: the product 
ought to be unaltered {35). 

Vtooi Y\. Jly casting out f/i< nines. We cast the nines out of a 
number thus: add together all its figures, omitting every 9, and 
if the sum be greater than 9, replace, it by the sum of its figutts, 
ami if the new sum be greater, replace it by the sum of it" figures, 
and so proceed till we have a sum less than 9. 

Cast the nines out of Multiplicand and Multiplier , Multiply 
*the result s, and cast the nines out of their product, noting the 
new result; now cast the nines out of the Product , and if the 
result coincide with the one previously noted we presume that the 
work is correct. This process is explained at Art. 91. 

Ex. 4. Multiply 5867 by 2479, annexing the proofs. 

_2479...4 

52803...5 
41069 

23468 

><734 _ 

14544293-I 
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Banning at the kft hand no cast the nines out of the Multiplicand thus 
— 13, rj, 26 ; replace 26 by the sum of j and 6, or 8;— out nf the Multiplier 
thus— 6, ij ; replace 13 by the sum of j and j, or 4 now multiples by 4 
giving 32, which replace by the sum nf j and i, or 5; and note this result. 
Again we cast l\vt nines ont «( the Viaduct thus— j, to, 14, 18, in, ij- 
replace :j hy the sum of 2 and 3, or : ; and as this result coincides with the 
previous one, we presume the work is correct, 

Ex. 5. Multiply 43896 by 357, and by 735 : making in each 
case only two partial multiplications. 


«S‘/> 43¥ 

...357 735 

3 ° 7 ; 7 2 307^72 

• 53 ^ 3 ^° 1 536360 

15670872 32263560 


Here we first multiply hy 7 an.l then the result by 5 : that is, we first 
multiply by 7 and then by 33 (361. In multiplying by 7 wu sol down the 
first figure of its product under 7(41,1); ami in multiplying by 33 we set 
down the tir>t figure under the 5 of 33. 


EXKRt.'lSK 5, 

I. Multiply 6508794 by R, by 7, by 9, by 1 1 and by 1 1. 

1. Multiply 56380477 by iH, by 35, by 48, by 71 aud by 13:— in each 
case by two successive multiplications, and also by the usual method. 

3. Multijdy 67836479 by 356, by 4378 ami by 7X539. 

4. Multiply 70870096 by 4O4, hy 3009 and by 900807. 

5. Multiply 57483000 by 40, by 900, by 430 ami by 4670000- 

6 . What is the difference between 13456 multiplied by y/i, and the 

remainder its subtracting 4 times 23456 from 13456000? 4 

7. If the area of England and Wales is 58315 square miles, and there is 
an average population of 317 (arson* to every mile, find the total population. 

8. If a locomotive travelled from London to Rugby at a uniform speed ol 
ruj yards a minute, it could perform the distance in nt minutes and have 
380 yards to spare— find the distance between the two places in yards. 

9. Multiply 314567 by 486, and by 936, and by 13m, making in eac h 
case only two j-.rlial multiplications- Multiply 765389 by 6 4 r6 4 , and by 
1 89179, and by 83156, making in each case only three partial multiplications. 

to. There are 5 piles of shot in an arsenal: the first consists of 8436 
OB-poundere, the second of 1 1440 18- pounders, the third of 14395 S pounilers, 
the fourth of iffy pf -pounders, and the fifth of j$tk> jfi-pounders : find the 

weight in pound! of the fire pilo. 
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DIVISION. 

44. Division is the operation by which we find how many times 
one gften number contains another given number. 

The first of these numbers is called the Dividend, the second the 
Divisor, and the number telling how many times the Quotient. 

4^ Since the Quotient tells how many times the Dividend 
contains the Divisor, it follows that the Dividend is the product 
of Divisor and Quotient. Hut since the terms of this product are 
interchangeable (35), the Divisor may be taken to represent a 
number of times, and then the Quotient will represent the number 
to be taken each time. Hence we may further say : — 

Division is the operation by which we break up a given number 
into as many equal parts as there arc ones in another given 
number, and thus find one of these parts. 

It is under this view of Division that we have adopted the terms 
Dividend and Divisor. 

46. The Quotient can always be found by successive 2 ^ ( t f 
subtractions of the Divisor; for to divide 26 by 8 means 8 

that wc are to find how many times 26 contains 8, and 18 
the operation at the side shews that 26 contains 8, 3 
times with a remainder 2. It also shews that 26 divided ^ 
into 8 equal parts gives 3 in each part, leaving 2 un- ~ 
operated upon, that is with remainder 2. 

Here 26 is called the Dividend, 8 the Divisor, and 3 the Quotient. 

47. When there is no remainder the division is said to be exact , 
and the Dividend is the product of Divisor and Quotient; but when 
there is a remainder the Dividend is the product of Divisor and 
Quotient increased by this remainder. 

48. Case I. When the Divisor is a simple number ami the 
Dividend less than 10 times that number. 

Divide 35 by 7, By successive subtractions of 7, putting I for 
each subtraction in the Quotient (46), we find that 35 contains 7 
5 times exactly ; that is, the Quotient is 5. Or, from the Table we 
know that y taken 5 times is 35 ; that is> the Quotient is 5. 
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Divide 38 by 7. Now 35 contains 7 5 times, and 38 exceeds 35 
by 3, where 3 is less than 7 : hence 38 contains 7 5 times with a 
remainder 3: that is the Quotient is 5 with remainder 3. 

49. Case II. When the; Dividend is any number and 

(1) tke Divisor is not greater thau 12. Short Division. 

(2) the Divisor is any number. Long Division. 

For example divide 36S549 by 678. Instead of successive sub- 
tractions, putting 1 for each subtraction in the Quotient (46), we 
will assume that at any step wc may subtract any number of times 


the Divisor, if tve put this number of times in the Quotient. 

For convenience draw curv 

ed lines on either side of the Dividend, 

placing the Divisor on the 

left, and reserving the right for the 

Quotient; thus: - 


678 1 36S549 ( 500 

678 ) 3685,49 ( 543 

339000 40 

3390 

2954,9 3 

2954 

27120 

27 j 2 (n) 

2429 

2429 

2034 

2034 

395 

395 


From the left of the Dividend cut off a number not less than 678 
but less than 678 multiplied by to, or thhn 6780, that is cut off 
3685: this is our fmt partial dividend and represents hundreds. 
It will be found that 3685 contains 67$ 5 times but not 6 times: 
hence the Dividend contains 678 500 times but not 6oo times (40) : 
put 500 in the Quotient and subtract 678 multiplied by 500, thaf 
is 339000, leaving a remainder 29549. 

Form a second partial dividend as tbe first was formed : it will 
be 2954, representing tens. It will be found that 2954 contains 678 
4 times but not 5 times : hence this new dividend contains 678 40 
times but not 50 times: put 40 in the Quotient and subtract 678 
multiplied by 40, that is 27120, leaving a remainder 2429. 

Lastly our third partial dividend is 2429 itself, and it contains 
678 3 times, but not 4 times: put 3 in the Quotient and subtract 678 
multiplied by 3, that is 2034, leaving a final remainder 395. 

Hence the Quotient is 543 with a remainder 395. 
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Aow with regard to this deration wc may observe 

(1) The partial dividends represent succeeding orders of units : 
and each partial dividend is formed from the partial remainder by 
placing to its right, nr as it is usually expressed bringing down, the 
next figure of the Dividend. 

(2) In determining the figures of the Quotient we are only con- 
cerned with the partial dividends, and therefore wc need only write 
down at each step the figures necessary to their formation. 


(3) Since the partial dividends represent every order of units 
from the highest down to simple units, the figures of the Quotient 
will represent the same, and no figure of the Quotient can exceed 9 ; 
we may therefore lose sight altogether of the order of units in each 
partial dividend, and take them for what they are intrinsically, 
writing down the figures of the Quotient as they arise one after 
another. Our work will then stand as at (a). 


From these considerations we have the following general Rule : — 

(1) On either side of the Dividend draw curved lines : place the 
Divisor on the left , and the figures of the Quotient as they arise on 
the right. 

(2) From the left of the Dividend cut off a number not less than 
the Divisor but less than to times the Divisor , , giving the first 
partial Dividend. Find how often the Divisor is contained in this 
dividend; Put the figure in the Quotient , multiply the Divisor by it, 
grid subtract the product from the partial dividend. 

(3) To the remainder bring down the next figure of the. Divi- 
dend forming the second partial dividend; proceed just as before , 
and continue the process till all the figures of the. Dividend have 
been brought down, and the final remainder obtained. 

Short Division. When the Divisor is not greater than 12, we 
shall find no difficulty in forming the partial dividends without 
writing down the preceding products and remainders: and in this 
case, it will be convenient to write each figure of the Quotient 
under the units’ figure of the partial dividend that gives rise to it. 
In every other respect we proceed as in Long Division. 



50. The Proof usually adopted in D Ms ion is this To the pro- 
duct of the Divisor and Quotient add the Remainder; if the result 
coincides with the Dividend (47) we presume that the work is correct. 

Ex, 1. Divide 612469 by 7. 

7 > 61 -469 7 ) 612469 

8/495-4 S/495 -4 

7 

6 ]’ 4 tX 7 

From the left of the Dividend cut off a mmilier not less than 7 hut less 
than 7a: that is cut off fit, our first partial dividend. Now 7 is contained 
in 61 8 times and 5 over; put the 8 under the 1 in 61, ami tn the remainder 
f bring down the next figure of the Dividend a, giving 51, the second 
partial dividend. Hut 7 is contained in 5* 7 limes and 3 over: put 7 in the 
Quotient, and to the remainder 3 bring down the next figure 4 giving 34, 
the third partial dividend : and so proceed. 

The above operation is usual!) perfumed in saying; 

7 in 61, 8 and 3 over; in si, 7 and 3 over; in 34, 4 and 6 over; in fif>, 9 
and 3 over; in yj, 5 and 4 over; 

but the pupil should accustom him*cif to bring down the figures of the Divi- 
dend to each remainder without previously mentioning the remainder, saving 
only : 

6|. s ; 5b 7 : 34 . 4 i 66, 9 ; 3*J. 5 a '>'l 4 over. 

For the I’rimf we muiliply the Quotient 874*33 by j am! add the remainder 
4; and as the result coincides with the Dividend we may suppose that the 
work is correct. 


Ex. 2. Divide 104051456 by t2. 
12 } 104051456 
8670954 . * 

12 

104051456 

Ex. 3. Divide 39875365 by 8654. 

8654 ) 398753 6 5 f 4607 

3461 6 

5 2 593 

51924 

66965 

60578 

6387 


Here we say 

104. 8; to, 6; 85, 7; i r , 0; 

114, 9; 65, 5 ; it), 4 and K over. 


8654 

4607 

6057H Proof. 
519240 
34616 
6387 
39875365 



Cut off from (he left of lh^ Dividend a number not less than 8654 but 
less than 86540; that $s cut off 39875, the first partial dividend, it con- 
tains the Divisor 4 times; put 4 in the Quotient, multiply 8654 by 4, 
placing the product under 39875, and subtract, leaving 5259. 

To the remainder 5159 bring down the next figure of the Dividend 3, 
giving 52593* the second partial dividend. It contains the Divisor 6 times, 
put 6 jn the Quotient, multiply 8654 by 6, placing the product under 52593, 
and subtract, leaving 669. 

To 669 bring down the next figure 6, giving 6696, the third partial 
dividend. It contains the Divisor 0 times ; put o in the Quotient, and the 
remainder is now 6696, 

To 6696 bring down the last figure 5, and proceed us before. 

Proof. Multiplying the Divisor 8654 by the Quotient 4607 and adding 
the remainder 6387, we obtain the Dividend. 

51. We may dispense with writing down the products under 
each partial dividend, by carrying on the several steps of the 
multiplication and subtraction at the same time. To render each 
step of the subtraction possible, we may increase any order in the 
dividend by the requisite number of tens, if wc increase the next 
order in the product by the same number of units (31, 2). And 
instead of subtracting the less from the greater at each step, we 
shall find it much more convenient to add to the less the number 
which gives the greater : thus instead of saying 28 from 35 leaves 7 
we shall say 28 and 7 is 35, where the dark figure 7 is to be set down 
as soon as it lias been pronounced. Therefore in the following 
example we say - 

8654)68015,637(7859 

74376 

5^443 

8*737 

3851 

58 and 7 is 35, where we have borrowed 30 : 

35 and 3 carried is 38; 38 and 9 is 41 : 


42 and 4 46; 46 and 4 is 50: 

56 and 5 61 ; 61 and 7 is 69 . 


For the next step we say— 31 and 4 is 36; 40, 43, and 4 is 47; 48, $1 
and 1 is 53 ; 64, 69 and 6 is 74. 



J)i$« 

5)jS2_»...2 

7).3?5-3-9-n 

43...4...60...71 


je. Case 1 1 1 . When the Divisor is'tke product of t wo or more 
factors. 

If we multiply a number by 3 and its product by 5 we multiply 
the number by 15 ; hence, conversely, if we divide a number by 5 
and its quotient by 3 we divide the number by 13. 

Divide 4586 by 105 ; the factors of 105 
being 3, 5 and 7. Dividing in succession by 
3, ; and 7 the final quotient is 43, and the 
partial remainders are 2, 3 and 4 : wc must 
now find the final remainder. 

For the first remainder to disappear 4586 must be diminished by 
2; for the second remainder also to disappear 1528 must be 
diminished by 3, and therefore 45S6 by 3 times 3 or 9 ; hence for both 
remainders to disappear 4586 must be diminished by 9 and by 2, 
or by 11. For the last remainder to disappear 305 must be di- 
minished by 4, and therefore 1528 by 5 times 4 or 20, mid therefore 
4586 by 3 times 20 or 60; hence tor all the remainders to disappear 
and the quotient 43 to be exact, 4586 must be diminished by 60 
and by 11, or by 71. All which shews us, that when 4586 is divided 
by 3 the remainder is 2, when divided by 15 the remainder is 11, 
and when divided by 105 the remainder is 71. 


Hence we deduce the following Rule 

(t) The Quotient is found by dividing in succession by fuck of 
the factors of the Divisor: 

(2) The final remainder at each step is found by multiplying its 
particular remainder by all the Divisors preceding its own, and * 
adding the preceding final remainder 


Ex. 4. Divide 87654321 by 378, whose factors arc 6, 7 and 9. 


Dividing in succession by <i, 7 anil 9 the 
particular remainders are 3, 4 and ft. The 
final remainder at the first step is 3 ; the 
final remainder at the second step is found 
thus:— multiply Us remainder 4 by the pre- 

SvsWk b fcw'wg, 14, vs wVwVi tuVV \Y\t tMMAw&tt v, 

17, The final remainder at the third step is fimnri thus;— multiply its 
remainder 6 by the preceding divisors 7 and 6 giving jji, to which add 
the preceding final remainder 37 giving 379. 


ft ) 876543a 1 

7)14603053. ..3 

9)_M*i007".4.,.J4...a7 
331889, ,.6... 15a. ..379 
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53. Case IV. When tile Divisor is terminated by one or more 
ciphers. 

(1) #To divide a number by 10, 100, 1000,... 

Let the dividend be 345678. Now 345678 is the sum of 345670 
and 8 ; but 345670 is the product of 34567 and 10 (40); therefore 
the quotient of 345670 by to is 34567 and therefore the quotient of 
345^8 by 10 is 34567 with a remainder 8. But if in 345678 we 
cut off one figure to the right, thus 34567,8 ; — the number on the 
left 34567 will give the quotient, and the number on the right 8, the 
remainder. 

In hire manner to divide 345678 by 100 wc cut off 2 figures to the 
right, thus 3456,78 : the quotient is 3456 and the remainder 78. 

And to dividc*by 1000 we cut off 3 figures, thus 345,678 ; the 
quotient is 345 and the remainder 678. 

(2) Divide now by 700 : 700 is the product of too and 7, hence 
we first divide by 100, and then by 7 : that is we 

first cut off two figures to the right giving the '* 

” n h 6 493 5 

quotient 3456 nnd a remainder 78, and then we 

divide 3456 by 7 giving a .quotient 493 and a remainder 5 : but this 
remainder 5 we multiply by the first divisor giving 500, and to it 
add the first remainder 78 giving a final remainder 578 (52}, or in 
other words to the particular remainder 5 bring down the figures 
cut off 78, giving 578. 

Hence we have the following Rule : — 

Cut off all the ciphers on the right of the Divisor and as many 
figures from the right of Ike Dividend : -for the quotient, divide the 
remaining figures of the Dividend by the remaining figures of the 
Divisor, and far the final remainder bring down to the particular 
remainder the figures cut off front the Dividend. 

Ex. 5. Divide 3687594 by 80 and by 53000- 

8*>). 368759.4 S 3 , 000 ) 3687,594 (69 

4^094, .74 

507 

477 

3 °S 94 
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In the first example in dividing by 8 the remainder is J, to which we 
bring down the figure cut off 4, giving 7* for the final remainder. 

In the second example the remainder in dividing hv 53 is 30, to which 
we twin" down the figures cut off 594, giving 30594 fur the final remainder. 

Exercise 6. 

1. Divide 79304(1; S+ by 8, by is, by 7, by 9, and by r 1. 

2. Divide 93538476; by 37, by 43, by 348, and by 483(1. 

3. 1 iivide 137876093 by *605, by 9089, by 40S;; and 57085. 

4. Kind the ijiurlitmt by short division of 76538959 by 38, and by 64, 
and by ;j, and by </>• 

5. Divide 3790603808 by 131. and by 196 (whose factors are 4, 7 and 7). 
and by 378 (whose factors are 6, 7 and 9I. 

6. Divide 78534836 by 60, by 800, by 1 1000, and by 3300. 

7. Divide 3854169734 l*y 310, by 5900, by 587000, and by 90900. 

8. Kind the i|tiolienl of Fifty-seven millions six thousand and seventy by 
six thousand amt sixty-seven. 

9. The product of two msinliers is 1 7037006 and one of them is 4858, 
what is the other? 

30. What number multiplied by 1951 will give 10376655? 

11. If the divisor be 3N57, the rjuuticnt 4^, ami the remainder 1305, 
what is tire dividend ? 

1 :. What number must wc subtract from 57385, so that it can Ire exactly 
divided by 387; and 'vh.it number must we add? 

1 3. IIuw many times in succession can 3589 be subtracted from 241461? 
What will the final remainder 1 «? 

1 4. How many times tn succession must 1739 Ire added (0834X7, to 
make the final sum iooooo? 

13. If the distance of the Sun frnnr the Karth be 95000000 miles, and 
light travels from one to the other in 495 seconds what is (he velocity pci 
second? 

16. Write in figures, Twelve thousand twelve hundred and twelve. 

17. Write down 576987, and under it write the eighth succeeding num- 
ber, and under this latter the next eighth succeeding number, and so proceed 
till nine numbers have beer. written down ; find tlu ir sum. 

1$. Take a “et of numbers each of which is greater than the one pre- 
ceding, fur example 

67. J 59 - J<wf. 46310, 57400S, 7654311; 
subtract each number from the one following, and add the remainders and 
the first number together; the sum ought to be the last number. 



CHAPTER HI. 

PROPOSITIONS IN THE FUNDAMENTAL OPERATIONS. 

54. The sign of Addition is + plus : thus 7+3 means that to 
7 wAre to add 3, and 7+3+2 means that to 7 we are to add 3 
and to the sum we are to add 2 : although the result will be the 
same in whatever order we take these numbers together (25). 

The sign of Subtraction is - minus: thus 7- 3 means that 
from 7 we are to subtract 3, and 7-3-2 means that from 7 we are 
to subtract 3 and from the remainder we are lo subtract 2. 

The sign of Multiplication is x or , multiplied by or into ; thus 
7 x 3 or 7 . 3 means that 7 is to be multiplied by 3, and 7x3x2 
means that 7 is to be multiplied by 3 and the product is to be 
multiplied by 2 ; although the result will be the same in whatever 
order these numbers are multiplied together (6t). Also 7 . 3 . 2 is 
called the conttnucd product of 7, 3 and 2 ; and each number is 
called a factor of the product. 

The sign of Division is + divided by or simply by: thus 24+3 
means that 24 is to be divided by 3, and 24+3+2 means that 24 is 
to be divided by 3 and the quotient is to be divided by 2. Also 
24+3x2 means that 24 is to be divided by 3 and then that the 
quotient is to be multiplied by 2. 

To those four signs of operation we shall afterwards add two 
others; those of Involution and Evolution. 

55. The sign of Equality is - equal: or is equal to: thus 
7 + 3=10 means that the sum of 7 and 3 is equal to to. 

When two or more numbers connected by signs of operation 
have a line called a vinculum drawn over them, or are enclosed in 
a bracket, the whole is to be treated as a single number : thus 
7 + means that to 7 we are to add the difference of 5 and 3 5 
and (18 +7}+5 means that the sum of 18 and 7 is to bedividedby5» 

It therefore follows from the last Art. that 7+3+2= (7 +3) +2; 
7x3x2 = (7 x 3) X2: and 24+ 3 x 2=5(24+3) x 3. 
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•The signs of Addition and Subtraction, ( + ) and (*•), were first intro- 
duced by Michael Slifel, in a work published by him at Nuremberg in 
'i'he sign of Multiplication ( x ) was introduced by William Oughtrcd 
iu his Chtvis Mathematim, published in j 63 1 . ’I’he sign of l>ivisiorf { + ) was 
invented by I)r John Tell, an English mathematician of the 17th century. 
The sign of Equality (=) was introduced by Robert Recorde in his IVhtl- 
shneaf Wit, a work on Algebra, published in 1557. The Vinculum was 
■first used by Vieta, the Italian mathematician, and the bracket by * Albert 
Ciirarde, a Dutch writer on Algebra, 

ADDITION AND SUBTRACTION. 

56. To a number •we may add Ike sum of two others by adding 
them in succession. 

Thus 29 +7 +5) = 29 -i- 7 +5. 

For to 29 we are to add 7 increased by 5 ; if therefore we first 
add 7 we must increase the result by 5, thus giving 39+7 + 5. 

In the same way we may shew that 

From a number we may subtract the sum of two numbers by 
subtracting them in succession ; thus : — 

29- {7 + 5) -29-7-5. 

57. To a number we may add the difference of two others by 
adding the first and subtracting the second. 

Thus 2 9+( 7 -5;.,2 9 +7-5. 

For to 29 we arc to mid 7 diminished by 5 ; if therefore we fust 
add 7 we must diminish the result by 5, thus giving 29 + 7-5. 

In the same way we may shew that 

From a number we may subtract the difference of two others by 
subtracting the first and adding the second; thus ■ 

2 9 -( 7 - 5 )“* 9 - 7 +J> . 

58. Again, let the number to be added or subtracted bo an 
expression made up of additions and subtractions, as 7-5+3: then 
looking upon 7- 5 as a single number, we have from the preceding 
cases 

and 


29+(7“5+3)-29 + f7-5)+3r29+7-5+3 
2 9-{7-5+3) = *9-(7-5)-3=i9-7+5-3- 
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59. If an addition and a subtraction, or vice versd, have to be 
Performed in succession , we may invert their order, provided ike 
resulting expression be possible. 

For 9 = 9 _ 3+3 

therefore 9+ 5 =9-3+ 3+ 5 =-<9 - 3)+34-5 (55) 

H 9 -J ) +5 + 3 , ( 35 ) 

tli eft fore 9+5-3=9-3+5 + 3~3 

" 9-3 + 5 - 

60. Hence it is easily shewn that 

(t) Additions and subtractions may be performed in any order, 
(2) An expression made up of additions and subtractions maybe 
made equal to the difference of two sums; thus :~ 

9 - 8 + 7 - 6 + 5 - 4 =( 9+7 + 5 ) -(8+6+4). 


6t, 


MULTIPLICATION' AND DIVISION. 

The product of two or more numbers will remain the same, 


S S 8 3 8 8 


8 

8 8 8 
8 8 8 


however we may change the order of its factors. 

(1) Let there be two factors; we may change their order (35), 
thus 7. 5 = 5.7. 

{2) Let there be three factors ; we may change the order of the 
last two, thus S . 7 . 5 - 8 . 5 . 7. For write 
8 in a horizontal line 7 times, and repeat 
this line $ times. Now the sum of the 
numbers in each line is 8 . 7, and there are 
•5 such lines, therefore the total sum is 

8.7.5. Again the sum of the numbers in each vertical line is 

8 . 5, and there arc 7 such lines, therefore the total sum is 8.5.7: 
that 158.7.5=8.5.7. 

(3) Let thej c be any number of factors as in 4 . 2 . 7 . 5 . 3 ; any 
one of these factors, 5 for example, may occupy the first place. For 
4 . 2 , 7 . 5 =( 4 . 2 ). 7 . 5 =( 4 - 2 )- 5-7 ( 6r » 2 ) 

= 4 . 2 - 5 - 7 , 

therefore 4. 3 . 7 - 5 - 3 = 4 - 2 - 5 - 7 - 3 ; 

that is in the given product, 5 has changed places with the preced- 
ing factor 7 giving 4.2.5.7.31 in like manner it may now change. 
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places with the preceding factor 2 giving 4.5.2.7.31 and lastly it 
may change places with the first factor 4 giving 5 . 4 . 2 . 7. 3. 

In the same way any other factor may occupy the second place, 
any remaining factor the third place, &c. ; thus the factors may 
occupy any places we please. 

62. Ij we multiply separately each of the purls which compose 
one number by each of the parts which compose another number, the 
sum of these partial products will give the product of the two 
numbers. 

(1) 'Let the Multiplicand be 1 1 or 4 + S + 2, and the Multiplier 3 ; 
then their product is the sum of 3 numbers each equal „ + , 
to 4 + 5 4 - 2 (34) ; and from the arrangement at the side, 4 + 5 + 2 
this sum is the sum of 4 taken 3 times, of 5 taken 3 4 + 5 + 2 
times, and of 2 taken 3 times, that is of 4. 3, of 5. 3 and of 2.3; or 

(4 + 5 + 2x3 - 4. 3 + 5. 3 + :. 3. 

(2) Let the Multiplicand be tl and the Multiplier 13 or 6 + 7, 
then 

it x(6+7)-(6+7)x 1 1 (35) 

-C. 11 +7. 11 (62, t) 

= 11.6+11.7. (35) 

(3) Let the Multiplicand be 4 + 5 + 2 and the Multiplier 6 + 7, 

then 

( 4+5 + 2 ) *{6+ 7 )- ( 4 + 5 + 2 ) *6 + ( 4 + S + 2 )* 7 (62,2) 

=4. 6+ 5. 6+ 2. 6+ 4. 7+ 5, 7+ a. 7. (62. 1) 

Hence the truth of the proposition. 

Remark, The theory of Multiplication is involved in the three 
cases of this proposition, as may be seen by referring to Arts. 39, 
40 and 41. 

63. (1) In like manner if the Multiplicand be the difference of 
two numbers as 9-2, and the Multiplier another number as 3, we 
may shew that 

( 9 “ 2 ) x 3 “ 9 * 3 ~ 2 * 3 , 

and interchanging Multiplicand and Multiplier we have further 
J*( 9 " 2 )“ 9 * 3 " a - 3 » 
or ■ 3 ‘ 9 “ 3 * 2 ) 



J<3. ■ INVOLUTION. 

CC&. Hence to multiply^ number by 99, 999,... that is by 
100— i, 1000- i v> . we* may multiply by too, 1000,... and subtract 
the number: to multiply by 98, 998,... we rnay multiply by too, 
looo,, .. and subtract twice the number. 

(3) Again, if the Multiplicand be an expression made up of 
additions and subtractions as 9-7-1 5-2, and the Multiplier any 
numbejf as 3, then looking on 9 -7 + 5 as a single number we have 
(9-7+5-2 )x3^(9-7+5)x3- 2 .3 (63,1) 

-( 9 - 7 )x 3 +;- 3 - 2.3 {62,1) 

= 9 , 3 '* 7-3 + 5 < 3 - 2.3 ( 63 > 0 

64. If Divisor and Dividend be multiplied by the same number, 
the Quotient will remain the same , but the Remainder will also be 
multiplied by that number. 

For example, if the Quotient of 38 by 7 is 5 with Remainder 3, 
the Quotient of 38 . 4 by 7 . 4 will also be 5, but with Remainder 3 . 4. 
Now 3 S- 7 - 5 + 3 . ( 47 ) 

and multiplying each member of this equality by 4, we get 

38.4=7. 5. 4 + 3-4 (62,1) 

=( 7 . 4 ). 5 + 3 - 4 , N 

which shews that the Quotient of 38 . 4 by 7 . 4 is $ with Re- 

mainder 3 . 4. 

INVOLUTION. 

65. INVOLUTION is the operation by which we find any power 
of a given number. 

*The second, third, fourth,... power of a number is the product of 
3 , 3, 4,,.. factors each equal to that number; thus the second power 
of 4 is 4 . 4, the third power of 5 is 5 , 5 . 5. The second and third 
powers of a number are usually called its square and its cube. 

The square, cube, fourth.... power of a number is represented by 
placing a small 2, 3, 4,... to the right of the number, a little above 
the line : thus the square of 6 is represented by 6*. Hence the first 
power of a number will be the number itself, or 5 1 is the same as 5- 

These small figures denoting the powers of a number are called 
its indices or exponents. 

D.-S. A. 
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66. The product of two or more powers of the same number is 
a power of that number whose index is the sum of the indicts of 
the futon. 


Since 7 s is the product of 2 factors each equal to 7> And 7 s the 
product of 3 factors each equal to 7, wc have 
7 #x 7*-7 *7 x 7 *7 *7 - 7 * + '’ 


Again 7 * x 

and so if there are more factors. 


Cor. To raise a power to another power we multiply the first 
index by the second. 

For 


Ex. 1. Find the value of 

(1536- 1392)^(29 + 7}. 

This expression means that we arc to divide the difference of 15,56 and 
1 191 hy the sum of -19 and 7 \ hut t&c difference of 1 5 j6 and 1 393 is 1 44, ami 
the sum of 19 and 7 is 36, therefore 

ff5 3*- WM *9 + 7)- 44 : 36 - 4 . 

Ex. 3. Find the value of 

{1536-487)- 1392+29+7x5. 

This expression consists of 3 terms: the first is (1536-487), the second 
ijjji-rjj, and the third 7.5; it therefore means that from the difference of 
1536 and 487, we arc to subtract the quotient of 1391 by 39, and to the 
result we are to add the product of 7 and 5 ; therefore 

(1S36 -487)- 13914-19 + 7. 5= 1049-48 + 35 
* 1036. 


Ex. 3. Find the value of 

(194 + 65) x 7 + {352- 220)+ 1 1 » 952 + (91 - 35). 

This expression means that 10(194+65)* 7 we are lu add (351- no)+ tt 
and from the sum subtract 95 3 + (91 - 35) j hence 

given expressions 159 x 7 + 13 j+ j 1 -953-^56 
~i8tj+ti-tj 
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Ex. 7. 

Ekkrcise 7. 

Find the value of 

I. 17*148 + 37506 +6709-1- jog + 740087, 

»■ 673J1- 39 8 5 " 4537 + 80359 - 57036- 

3. (7805 + 3907)+ (7805 - 3907) ; {7805 + 3907) - (7805 - 3907). 

+• (“805 +3907JX (7805 -3907]) 7805 + (3907- *996) -854. 

5. 7805 +(3907- 19961x854; 314-79x17; (324-19) x 17. 

6. 756x3-25 x 16 + 3* j 1536*8+9.125- roo. 

7- 5*4*4- t 39 a+ ( a 9 _ 5)> *536- *392*29+16. 

8. 58804(167-132) x6; 588o*(35+7) + r7. 12. 

9- < 6 7893 ~ 8637K823 + 7546 x (2356 - 945) - 9870 . 1 7a 

to. 59256*71 X9i-+(r30- 117); 19.20. 2i*(3.$.7). 

I I. Express the following statement by signs Multiply the difference 
between 31 5 and 193 by tbe quotient of 306 by 17, anil to the product add 
the sum of 1000 and 99, Find the value of the expression. 

12. Express by signs From 34856 subtract the product of 763 and 
41, and to the remainder add the quotient of 1998 by the difference between 
663 and 441 ; and then find the value of the expression. 

1 3. The product of 175 and 53 is 9175 : how much roust be added to 
it to give the product of 177 and 53; and to give the product of and 
59 (see Art. 6a) ? 

14. The product of -3267 and 71 is 231957: how much must be sub- 
tracted from it to give the product of 3167 and 68 ; and to give the product 
of 3158 and 71 (see Art. 63)? 

15. Multiply 387659 by 85671 in 3 lines. 

^6. Find the prime number expressed by 2251*+ 29:0 s . 

17. The following results are true when a and b stand for any numbers, 
which will allow them to be arithmetically possible. Shew that they are 
true in each case, when <1 =935 and b - 396 

( 1 ) (fl+JJ+(«-5)=a .j. 

(2) («+3)-(a-5)=i .6. 

( 3 ) {- 

(4) (a+i) a -(«-5)*=4. a.b. 

(5) o 3 +2.u . b+fi-ia+b)*. 

{6} iiPmjfi-Sf. 

(7) («+*),(*»-«. 3+^4*+* 

( 8 ) (a-b 


3-2 



CHAPTER IV. 

GREATEST CUM MON MEASURE: LEAST COMMON MULTIPLE, &C. 

GREATEST COMMON MEASURE. 

67, ONE number is a measure, or a snbmultiple , or an aliquot 
■part of another, when it divides that other exactly (47) : thus 4 is 
a measure, or a submultiple, or an aliquot part of 20, but not of 21 . 

One number is a multiple of another, when it can be divided by 
that other exactly : thus 20 is a multiple of 4, and of 5, but not of 6. 

The Greatest Common Measure .G.C.M.’ 1 of two or more numbers 
is the greatest number that divides each of them exactly. 

The Least Common Multiple (L.C.M.) of two or more numbers is 
the least number that can be divided by each of them exactly. 

68, A Prime number, or a Prime , is a number divisible only by 

itself and by i : thus 2, 3, 5, 7, 11 are primes. 

Two numbers are prime to each other, when their only common 
measure is 1 : hence 

(i) Two primes must he prime, to each other. (2) A prime 
number must be prime to every number not divisible by it. 

69, A measure of each of several numbers is a measure of their 
sum. 

Let 7 be a measure of each of the numbers, then each number is 
composed of parts each equal to 7, and therefore their sum is 
composed of parts each equal to 7 that is, 7 is a measure of their 
sum. 

COR. A measure of any number is a measure of any multiple 
of it. 

Ttt M measure a/ eacd a/ /we? numbers is a measure gf/far 
difference; also of the difference between (he first and any multiple 
of the second. 
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Let 7 be a ineasure*of each of them, then each is composed of 
parts each equal to 7, and therefore their difference is composed of 
parts eaflh equal to 7 : that is 7 is a measure of their difference. 

Again, since 7 is a measure of the second number, it is a measure 
of any multiple of the second number : and is therefore a measure 
of the difference between the first number and any multiple of tbe 
second! 


71. To find the G. C. M. of any two numbers. 

ft) The C.C.M. of Dividend and Divisor is also the g.c.m. of 
Divisor and Remainder, and vice versa. 

The Remainder is the difference between the Dividend and a 
multiple of the Divisor, and therefore every common measure of 
Dividend and Divisor is a measure of the Remainder (70), and is 
therefore a common measure of Divisor and Remainder. 

Again, the Dividend is the sum of a multiple of the Divisor and 
the Remainder, therefore every common measure of Divisor and 
Remainder is a measure of the Dividend (69), and therefore a com- 
mon measure of Divisor and Dividend. 

Hence Dividend and Divisor, and Divisor and Remainder, have 
the same common measures ; and therefore the G.C-M. of Dividend 
and Divisor is the G.C.M. of Divisor and Remainder. 


(2) Find the G.CM. of 304 and 
lyz. 

Divide 1072 by 304 giving the Re- 
mainder i6o; then divide 304 by rfio 
giving the Remainder 1 44 ; then divide 
1 bo by 144 giving the Remainder 16: 
lastly divide 144 by t 6 giving no Re- 


304)1072(3 

OT2 

160 ) 304(1 

l6o 

144) i6o( 1 
J 44 

16)144(9 

l _44 


mainder. 

Now the G.C.M. of 304 and 1073 is also the C.C.M. of 160 and 
jej; and the G. C M. of l6o and J04 fs also the G.CM. of 144 and 
160; and the G.CM. of 144 and Jdo is also the G.CM. of 16 and 
144; but the G.C.M, of 16 and 144 is 16; therefore the G.c.m, of 304 


and 1072 is 16. 
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We have then the following Rule < 

Divide the greater number by the less , the less by the first re- 
mainder, the first remainder by ihe second remainder , and continue 
this process till we come to a remainder that exactly divides the 
price ding remainder: such last remainder is the G.C.M. 

Remark i. We shall find it convenient to place the numbers 
in a horizontal line, drawing a vertical line between them, and then 
carry on the divisions alternately on the right and left of this line. 
We may neglect the quotient figures. 

Remark 2. At any step of the process we may find the differ- 
ence between the greater number and the nearest multiple of the 
less, regardless whether that nearest multiple be less or greater 
than the greater number. 

Ex. 1. Find the G.C.M. of 93883 and 166581. 


93883 

166581 

93883 j 

[ 166581 

72698 

93883 

84740 ! 

[ 187766 

21185 

72698 

9143 j 

21 [85 

18286 

1 63555 

8697 ] 

[ 18286 

2899 

9 '43 

446 

; 2899 

2676 

8697 

446 

2676 

223 

446 


i "22] 


446 

G.C.M. : 

*223. 


72. Every common measure of two numbers is a measure of 
tkeir &C.M. 

For being a measure of the two numbers it is a measure of the 
first remainder, and being a measure of the less number and the 
first remainder, it is a measure of the second remainder ; and in 
like manner it is a measure of each succeeding remainder : it is 
therefore a measure of the last remainder, that is of the G.C.M. of 
the two numbers. 

73. To find the G.C M. of three or more numbers. 

Let 304, 1072, 40 and 36 be the given numbers ; and let t6 be the 
common measure of 304 and 1072. Now every common measure 
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of the given numbers is a common measure of 304 and 1072, and 
therefore of 16 their £. C.m. (72), and therefore of 16, 40 and 36. 

Agaitij every measure of 16 is a common measure of 304 and 
1072 (69 Cor.), and therefore every common measure of 16, 40 and 
36 is a common measure of 304, 1072, 40 and 36. 

Hence 304, 1072, 40 and 36 have the same common measures as 
16, 4<*and 36 : and therefore the ft. C, M. of the given numbers is the 
G.C.M. of 1 6, 40, 36. 

In like manner if the G. C.M. of 16 and 40 be 8, the G.C.M. of 16, 
40 and 36 is the G.C.M. of 8 and 36 : and therefore the G.C.M. of the 
given numbers is the G.C.M. of 8 and 36. 

And in this way step by step may be found the G.C.M. of as many 
numbers as \vc please. Hence wc have the following Rule:- 

Find the G.GM. of the first two numbers ; then the G. C. M. of this 
<;.c.u. and the third number ; then the G.C.M. of this last gcm. 
and the fourth number; and continue this process unto the last 
number: the last G.GM. is the G.C.M. of the given numbers. 

74. If two numbers be multiplied by a third \ the G.GM. of the 
Products will be the C. C, M. of the. given numbers multiplied by the 
third number. 

Thus if the G.C.M. of 304 and 1072 be 16, the G.GM. of 304.7 
and 1072. 7 will be 16.7. Referring to Art. 71 we see that the 
remainders in finding the G.C.M. of 304. and 1072 are successively 
tg iOj 144 and 16 : hence (64) the remainders in finding the G.C.M.of 
304.7 and 1072,7 will be 

160.7, 144.?, and 16.7; 
that is if the g.c.m. of 304 and 1072 is 16 

theo.GM. of 304. 7 and 1072.7 is 16. 7. 

Cos. r. Conversely, since the ox.M, of the second set of 
numbers is the G.C.M. of the first set multiplied by J, the c.G tf. of 
the first set is the G.C.M. of the second set divided by 7. 

COR. 2. If we divide two numbers by their C.G M. the quotients 
will be prime to each other, for their C.GM. will be 1. 
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Ex. 2. Find the G. C. M. of 2S5600 and 62 1 1 xjo . 


Soo ) 285600 1 

621600 

3 > .357 i 

777 

119 j 

259 

• 126 ( 



7 I 


t: it sf(*n that the R.C.M. of 1 19 »nd 159 
s 7. therefore the G.C.M. of J «7 and 777 
1 7 . v and the iv.r.M. of thf givett numbers 
s 7 . j . Soo, or 16800. 


75. If a number divide <1 product of tw futort and bo prime to 
one of them, it mutt divide the other. 

For example, if 4 divide 7 • ~A and 4 >' prime to 7, then 4 must 
divide 24. The G.C.M. of 4 and 7 is 1, therefore the G.C.M. of 
4. 24 and 7. 24 is t . 24 '74' or 24. Now 4 is a measure of 4. 24, 
and by hypothesis of 7. 24, therefore it is a measure of their a CM. 
24 (72) ; that is 4 divides 24. 


76. The G.GM. of two numfvri :i*ill renuvn the some, if one of 
them be. multiplied or divided by <r number prime to the other. 

Thus if 5 he prime to 24, the ft. C M. of 24 and if* is the same as 
theG.C.M. of 24 and 5.16. 

Every measure of 16 is a measure of 5 . if) {69 Cor. ; : therefore 
every common measure of 24 and 16 is a common measure of 24 
and 5. j 6. Again, since 24 is prime to 5, every measure of 34 is 
prime to 5, therefore every measure of 24 which measures 5. 16 
must measure 16 {75}, and therefore every common measure of 241 
and 5 . r6 is a common measure of 24 and lf>. 

Hence 24 and t6. and 24 and 5. if) have the same common 
measures, and therefore the same r;.c.M. 


Ex. J. Find the G.C.M. of 39835 and 162424. 

39835 * 6 * 4*4 Divide 39835 by 5, for 5 is prime i«> 161414, and divide 

7?q 6 23901 ,<!l4 * 4 8 ’ ft>T 8 ” P rimc tf * 7 '/’? ; wc havc ,hcftfi,re 

i to ^ G,C M - °f 7'/'7 and 10303. After the first 

2 )7 1 '799 ^ WC ^ ave ,0 ^ nrl U,C,M °f 3598 and 7967: but 

| 1 799 wc may divide 3598 by 1, fm a is prime to 7967, dec. 
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Ex. 4. Find thef.c.M. of 218707, 526769 and 695822. 


218707 526769 
178710 4374:4 
89355 
79994 
936 “ 


39997 

37444 

2>53 

2553 


851 


851 695822(817 
888 1 503 

37 6 5 J2 

555 
m 


(J.C.M. is 37. 


Ex. 5. Arc 5789 and 7337 prime to each other ? are 2698703 
and 54987:61 prime to each other? 


5789 ‘ 7337 
6192 , S ? s 9 

4O3 ' I548 
384 l6l2 
U) 64 


Yes: for their G.CM. is 1. 


2698703 54987261 { 20 
3039603 5 39740 60 
34 Ojoo 1013201 
3640 1022700 

23 * 9499 

a 10227 
7 "728 

728 


No : they have a common measure 7. 


KXERCIfLF. S. 

Kind ther,x.M. of: 

i. 936; and 14*01: 4833 and 6137 ; 12925 anil 63303. 

I. 34501 and 67347 : ji/30) and 46153; 5131/19 and 6790735- 

3, 70303; ami £1340*1 ; 336663 aruf 4364731 ; 385519 ami 78*5313. 

4- 30**345 m»‘I 453*66555 3876*19 ami 3101729671. 

3, 4S961 1«3 and 997616011 ; 4*615795*93 and 877267019106, 

6. 161 7, 187 1 and 4213; 1 4385, 2039 1 and 49287. 

7. 9163. 129*413 and 4131416. 

8. 1*6009, :ji(» 97 and 341171. 

9. 70843288, 85170643 ami 6*6138141. 

10. 5040, 13940, 28350 and J1773. 

• i. 12680, 49140, 254980, 419660 and 91*932. 

I I. Are 3375 and 5832 prime In each other? and arc 49561 and 97073 
prime lo each other? if not, what is their C.C.M.? 

13. Are 58573 and 84119 prime lo each other? and are 18432, 21952 
2nd 41875 prime lu each other? 

1 4. Two rats con lain respectively 7875 and 16118 gallons: find the 
larrel of gicalat capacity that will completely empty off both vau. 
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F.x. ft. 


15. Find the greatest weight, tit grains, Aat will mcuurc both pounds 
Standard and pounds Tnw. N. 15 - One pound TiAy is j 760 grains. 

16. Find the greatest number that will divide 739 ami leaving the 
remainders 4 and 6 respectively. 

17. Find the greatest number that will divide 119,1, 4143 and 3348, 
leaving the remainders 18, 10 and 13. 

t8. Is there any mtmlier that will divide 5130, 6*15 and 8540, leaving 
the remainders 34, 33 and 31 resj actively? 4 


l.K.AST t'OMMnS Mi'Ll It'Ll.. 

77. If a number be divisible by tut » Albers which are prime (a 
iiiek other, it will be divisible by their product. 

Thus if 840 be divisible by 5, and by 6, where 5 and 6 arc prime 
to each other, it will be divisible by 5 . 6. 

Since S40 is divisible by 5. let the quotient be 16H, so that 
840=5 . 1 68. 

Again, since 840 or 5 . 168 is divisible by 6, and 6 is prime to 5, 
168 must be divisible by 6 .75 , let the quotient be 28, so that 
1 68**6.28, 

and therefore 840 . . 5 , 6 . 28 * (5 . 6) . 28 j 

that is, 840 is divisible by 5 . 6, 

Cor. If two numbers are prime to e,u k ether, their l.c St. is 
their product. 

78. To find the \. c. M. of any two numbers. 

Let 63 and 112 be any two numbers, and let 7 be their O.CM., so 
that 

63 = 7.9 a nd 112 = 7. >6; 

therefore 9 and 16 are prime to each other {74, Cor. 2). 

Every common multiple of the given numbers when divided by 7 
must be further divisible by 9, and also by t6, and therefore by 9. |6 
( 77 }i that is every common multiple must be divisible by 7 . 9. 16 j 
and therefore must either be 7.9 . t 6 itself, or a multiple of 7.9. »6. 
But 7 . 9. it itself j, divisible by 7.9 and by 7 , 16, that is by 63 
7 - 9 . 16 is the ix*. of 63 and t ,2. 
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Now 7.9, 16 — itj,. 63 where 16 is the quotient of 1 1 2 by the 
7, and -9.112 when* 9 is the quotient of 63 by the 
<5.GM t ; therefore wc have this Rule:— 

Find the (S.e.M. of (he two numbers ; divide either number by 
this and multiply (he quotient by the other number. 

Con. 1. Also the 1..CM. oj two numbers is their product divided 
by /heir <;.c M. 

COR. 2. Every comment multiple of two numbers is a multiple 
of their LC.M. For every common multiple of the given numbers 
is either 7.9.11’; itself, or a multiple of 7 . 9 . 16. 

Ex. 1. Find the UC.M. of 7453 and 18744. 

7455 * 8/44 ( 2 3*3 ) 7455 (35 *8744 

7668 14910 1065 93720 

;ij : 3834 ( 18 o 656040 

; 1704 

1 o 

that is M. = 213; anti 7455-5-213 - 35; 

" GCM.-35X 1 8744 - 65604a 

79. To find the \ C. M. of three or more numbers. 

Let 63, 112, 40 and 36 be the given numbers, and let the LC.M. 
of 63 and 112 be loaS. Now every common multiple of the given 
numbers 1 s a common multiple of 63 and 1 12, and therefore of their 
(..CM. 1008 (79, Cor. 2), ami therefore of 1008, 40 and 36. Again, 
every multiple of jaoS is a common multiple of 63 .and 112, and 
therefore ever)' common multiple of 1008, 40 and 36 is a common 
multiple of 63, 1 12, 40 and 36. Hcncc 63, it 2, 40 and 36 have the 
same common mutinies as iooS, 40 and 36; and therefore the LCM. 
of one set is the LCM. of the other set 

Again, if the LC. M. of too 8 and 40 be 5040, it follows that the 
L C. M. of 1008, 40 and 36 is the L C M. of 5040 and 36. And so we 
can proceed step by step to the la.st number. 

Wc have then the following Rule 

Find the LC.M. of the first two numbers , then the LC.M. of 
that LCM. and the third number; then the LCM. of this last 
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rXM. and the fourth number, and continue tie process unto the 
hut number: this last i.C.M. is tht lcm. of the given numbers. 

So. If two or mos t numbers be multiplied or divided fo another 
number, the LC.M. of the products or quotients is the LC.M. of 
the given numbers, multiplied or divided by th.it other number. 

Tims if the LCM. of 63, 11 j and 40 be 5040. the LC.M. *‘f . 5 - 

112.5 and 40.5 will be 5040.5. 

Let then. CM. of 63 and 1 1 2 t»c 7* and I be quotient* 9 and 16; 
then the c. C. M, of 63 . 5 and 112.5 will be 7 . 5 > 74 , and therefore 
the quotients will also be 9 aR d ■*'. Hut the l.c M. nf oj and 1 12 
is 7*9.16, or 100S ; and the t. CM of <>>,§ and H2.5 is 

7.5 *9. 16 or 100S. 

In like manner, if the i..c m. of tooS and 40 In* 5040, the LC.M, 
of 1008.5 and 40.5 will be 5041.5; that is 7 9 if the t.r.M. ot 
63, 112 and 40 be 5040, the I- CM. of 65. 5. 112.5 and 40 5 will 
be 5040. $ 

Ex. 2. Find the t..c M. of 31 5<»> and y> <**>. 

Now 31 300 . 63 . ; 10 and 56000 » n : . 500, 

and the i . C M. of 63 and 1 12 100S, 
tltc I. CM. of jlJOO and y*>n IcnS . jew-* 504- 

St. If there be two Humbert,, and one of (hem be multiplied or 
divided by <1 number prime to the other, the I. r.M. mud oho be 
multiplied or divided by that other number. 

Thus, if the lcm. of 63 ami 112 be i>> $, the l .c.M, of 63.5 
and 1 12 —where 5 is prime to 112 will Ik 1008, 5. Knr the 
of two numbers is their product hv their it, 1. . M. ; but the fi.c, M. of 
63 and 112, and of 63. 5 and 1 c, is the same (76;; lienee the LCM. 
of the latter set is the t.r.M. of the former multiplied by 5. 

Jia. If there be several numbers, and two or more of {hem 
can be divided by <1 number prime to the rest, the lc.m. of the 
given numbers is (he LCM. of ike quotients, and of the undivided 
numbers, multiplied by that divisor. 
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•Take the numbers 15,* 18, 25, 32, and 40; 15, 25 and 40 arc 
divisible by J, whici is pi me to j 8 and jj, and the quotients are 
3, 5 and 8 ; then ihc lcm. uf the given numbers is the L.c,M. of 
j, j, Jf, 18 and 32 multiplied by 5. 

The I.CM. of 1 J, 25 ami 40 is the lcm. of 3, 5 and 8 multi- 
plied bv 5 (So): let the LC M nf 3, 3 and 8 be 120, then the L.C.M, 
of 14, 23 and 40 will be J2Q. 3. Again, the LCM. of 120. 5 and 18 
is the LCM. of 120 and iS multiplied by 5 (81,; that is .59) the 
Lc M. of 15, 2 5, 40 and 18 is the i.. cm. of 3, J, 8 and 18 multiplied 
by 5 : let the la.M, of 3, 5, S and tS be 3(10, then the I.CM. of 
15, 23,40 and 18 will he j6j 5. Lastly, the U'.M. of 360. 5 and 32 
is the lcm. of 360 and 3; multiplied by > : that is, the LCM. of 
1 5, : j. 40, 18 and 32 is the Lc M. of 3. 3. 8, 18 and 3: multiplied by 5. 

83. The usual arrangement is to write down the given numbers 
in a line, with the divisor on the left, and the quotients and the un- 
divided numbers in a line below, thus : 

5 ) 15, 18, 2v 3:. 40 5 - 15. »S. :j, 32, 40 

j. ts, 5. 8 2 y-.A 

y } s> '<> 

which shews that the r.c.M of the numbers in the first line is the 
Lc m. of the numbers in the second line multiplied by j. Again, 
of the n limiters in the second line, 3 and 8 being factors of 18 and 
32 may lie suppressed ; and of the others jS and 32 arc divisible by 
•2, which is prime u> 3 : hence the LCM. of the numbers in the 
second line is the LCM. of the numbers in the third line multiplied 
by 2. Lastly, there is no number that will divide any two of the 
numbers 9, 5 and if. ; hence their LCM is their product 9 . 5 . 16 ; 
and therefore the lcm. of the numbers in the second line is 
9. 5 . 16. 2 ; and of the given numbers 9,5.16,2.5. 

We have then the following Rule : - 

Write drKrn the given numbers in <1 horizontal lint , suppressing 
(hose that are divisors of any of the others. Seek out two numbers 
at /east, that have <\ prime divisor 3, 3,5,7, i/.„ ; divide them by 



46 I. EAST COMMON MULTIPLE. § ftj. 

this prim, placing the quotients and ( he undividtd numbtri in the 
tine below, Printed in the some way with the numbers in the 
second, and teu'k succeeding line, till ute come to a line where no 
two numbers hove a common divisor. The product of the numbers 
in the lost line and of the several divisors is the L C. M. of the 
given numbers. 

Example. Find ihe of ij, i6, iS, jo. 24, 25, 27 and 30. 

2 ) *j, 16, jS, :o, 24, 25, 27, 30 J )_i$, t6 , 18,^0^24, 35, 2;, 30 

3 ) 8 > 9. k>> -7t i > 3 ) J & » 4. *4. 5 . 27 . '* 

S) 2 5 » 9 » 5 3)16.3 8, 5. 9 

8 > *> 5 . 9 ' J6, *, 5, 3 

*’• Lc M. *2. 3. 5. 8.5.9= I0800 ■ ■ ECM.««J,j, 3 .i 6 .J.j=*|o 8 oo 

In the preceding Example we might begin by taking either 2 or 
3 or 5 as a divisor ; but instead let us take at once 2 . 3. 5 or 30 as 
the divisor : then the tirst number 16 can be divided by 2 giving 8 . 
the second number 18, by 2.5 or 6 giving 3 ; the next number 20, 
by 2.5 or to giving 2: ami so on. The work will therefore stand 
thus 

2- 35 or 30 ) *5, 16, 18 , 20. 2 4,25. 27, 30 
*. 3 , *. J>* % ' 

L.c.M.^30.8.5.9 ... toBoo. 
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i»- ii, 5 *. * 3 . l‘ v 131. >‘ 7 * < 43 ; «*. «. + 5 . 99 * » 54 > '68. 

i >- jj, 14,35, ii, 11, 105, 7*, m; *7, y«, 41, yj, 63, *56, 134. 

IJ. I«*7, Ml, 119, 154, 385, 1O5, 131, 340. 

14. *14, 35, 51, 60. 91, 108, 126, 1 56, 315, 

1 5. 17, 8;, 189, 146, I45, no, 103, 261, 385. 

1 A. Seven bells are lolling, and they toll at intervals of 3, 5,7, 8, 9, 10 
and 1 1 seconds respectively. What interval will elapse between their once 
tolling together, and tolling together again? 

17. Two cog-whecls containing 80 and 1 28 cogs respectively are work- 
ing together : after how many revolutions of the smaller wheel will two 
cogs which once touch, touch again? 

18. Kind the least number which divided by 6, by 8, and by 9, gives in 
every case the remainder 4. 

19. Find the least nu miser which divided by <>75, 1050, and 4368, will 
leave the same remainder 31. 

20. A heap of jwhbles can lie made up 0 sac try into groups or ij; but 
when made u|> into groups of 18, 37, and 32, there is always a remainder 
of 1 1 ; find the least numlier of pebbles such heap can contain. 

11. 'Pbfcc horses are running round a race-course of jiSoyards: the 
first horse runs 440 yards a minute, the second 351 yards, and the third 
164 yards: find the lime between tlieir once coming all together, and their 
coming all together again. 

CRITERIA OK DIVISIBILITY. 

84. One number is divisible by anotlier when ii can be divided 
by that other exactly (47), that is when the former is a multiple uf 
the latter ^67). 

$5, The sum of several multiples of a given number is <1 multi- 

ple of that number. 

For each multiple may be considered as made up ol parts each 
equal to the given number, therefore their sum will be made up of 
parts each equal to the given number, or will be a multiple of the 
given number. 

COR. Ait/ multiple of .r multiple of 0 given number is a multiple 
of that number, 

86. Any number is divisible by 3, 4, 8,.. if the number expressed 
by the last one, /aw, three, ..figures to tkt right be divisible by 

*. 4 , 8 ,-.. 



43 CRITERIA OF DIVISIBILITY. §86. 

Any number $7654 is the sum of 87650 and 4 ; anil the first part 
87650 is divisible bv 10 {53) and therefore by : 85 Cor ', for to is a 
multiple of 2: therefore the whale S7654 is divisible by 3, if 4 be 
divisible by 

Again, 87654 is the sum of S;6oo and 54; and the first part 
87600 is divisible by too ,53 and therefore by 4, for too is divisible 
by 4 ; therefore the whoie 87654 is divisible by 4, if 54 be divisible 
by 4. 

In like manner 87654 is divisible by 8, if 654 be divisible by 

S, &c. 

Cor. Hence those numbers nniy, whose units’ figures arc 
0, 4, 6 and 8, are divisible by 2 : such numl>crs arc called erm 

numbers ; and numbers not divisible by :,or numbers whose units' 
figures arc t, 3. 5, 7 anti 9, are called odd numbers. 

87. Any number it divisible h 5, 25, 125, .. if (he number ex 
fraud by (ht last our, tltv, thru,... figures to (hr right hi divisible 
Ar 5r 25, 125.... 

Proceed exactly as in the last Article. 

Colt. Hence those numbers only, whose units' figures arc o ami 
5, arc divisible by 5. 

88. I hi remainder in dividing any number by 9 is the same its 
in dividing the sum of its figures ly 9. 

Take 1 followed by any number of ciphers, as 10000; now 
10000 - 9999+ 1 a multiple of 9*|, 

Multiply these equals by any simple number 6, then 

60000 1 a multiple of 9 1 6. (69) 

Now 87654 is the sum of 80000, 7000, 6c*>, 50 anti 4 ; 
an d 80000 ~ a multiple of 9 *• 8, 

7000 a multiple of 9+7, 

600 - a multiple of 9 * 6, 

50 a multiple of 9 f 5, 

4 4; 

87654 *= a multiple of 9 + 8 1 jh- 6 + 5 4- 4 ; (ij) 


therefore 
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and therefore the remainder in dividing 87654 by 9 is the same as 
in dividing the sum of its figures 8+7 +6 + 5 + 4 by 9. 

Cor f. 1 knee any number is divisible by 9, if the sum of its 
figures be divisible by 9 . 

C'ok. 2 , Sinre 9 is a multiple of 3, any number 

87654 a multiple of j + (8 * 7 + 6 *- j + 4) ; 
therefore any number is divisible by 3, if the sum of its figures be 
divisible by 3. 

89 . si fly number is divisible by 11 y if the. difference between the 
sum of ils figures in the odd and in /he am places be 0 , or be 
divisible by 11. 

Take l followed l>y an even number of ciphers as loooy ; 
imw 10000 9999 * 1 - a multiple of it + i, 

therefore 30000 a multiple of 1 1 + 3. (62) 

Again, take 1 followed by an odd number of ciphers as 1000; 
now 1000 990+10 990 + » 1 - 1 - a multiple of 1 1 - 1 ; 

therefore Jckxj a multiple of 1 1 - 3- (63) 

Any number 87054 is the sum of Sixmo, 7 °° 0 i 600, 5 ° an< f 4 i 
and 80000 a multiple of tt 

7000 a multiple of n -7» 

600 a multiple of 11+6, 

50 a multiple of 1 1 -5* 

4 41 

therefore ‘87654 ■ a multiple of 1 j + 4 - 5 +6 - 7 + 8 (85) 

=a multiple of 1 1 + .4 +6 + S; - (5 + 7 J; ( 59 , 3 ) 
and therefore 87654 is divisible by It if the difference between the 
sum of its figures in the odd and in the even places be 0, or be a 
multiple of 11. 

90. Criteria of Divisibility when (he Divisor is not greater 
than 12 . 

Since 3 and 3 are prime to each other, any number divisible by 
2 and by 3 is divisible by 2 . 3 or 6 (77) : ami any number divisible 
6y 3 and by 4 is divisible by t3. 
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Therefore any number is divisible by 
if its units* figure be even (86) ; 

3, if the sum of its figures be divisible by 3 (88) ; 

4, if the number formed by its last 2 figures to the right be 

divisible by 4 ; 

5, if its units' figure be o or 5 (87) ; 

6, if it be divisible by 2 and by 3 (90) ; 

7, by trial ; 

8, if the number formed by the last j figures to the right be 

divisible by 8 ; 

9, if the sum of its figures be divisible by 9 ; 

10, if its units' figure be 0 ; 

1 1, if the difference between the sum of its figures in the odd 

and in the even places be 0, or be divisible by 1 1 (89’ ; 

12, if it be divisible by 3 and by 4. 

91. Proof if Multiplication by casting out the nines. 

Casting the nines out of the Multiplicand and Multiplier, suppose 
the remainders to be 5 and 3, so that 

Multiplicand a multiple of 9 r 5, 

Multiplier - a multiple of 9+ 3. 

No* we may multiply Multiplicand and Multiplier together by 
multiplying each part of the first numlicr by each part of the 
second (62). The first part of this product will be the product of 
two multiples of 9, and therefore a multiple of 9 (85 Cor,), the 
second part will be 5 times a multiple of 9, the third, part 3 times a 
multiple of 9, and the fourth part 5 . 3, But the sum of the first 
three parts will be a multiple of 9(85), hence 

Product -a multiple of 9+ 5 . 3, 

and therefore the remainder in dividing the Product by 9 is the 
same as in dividing 5. 3 by 9: that is, in casting the nines out of 
the Product and out of 5,3 the results ought Ur be the same: 
hence the usual P,ule (43). 

ki.MARK. This Proof will not point out an error in the product 
(1) if a o be set down for 9, or vice vend ; y (2) if a figure has 
been set down as much too high, as another has been too tow ; 
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or (3) if a partial product has been set down in a wrong place ; or 
{4) if one or more noughts have been omitted in the product. 

PRIMES AND PRIME FACTORS. 

92. We shall take it for granted that every number is either a 
prime or the product of two or more prime factors. In the latter 
case thf number is sometimes called composite. 

To decompose a number into its prime factors is to find those 
prime numbers which when multiplied together produce the given 
number, as when 210 is put under the form 2 , 3. 5.7, or 504 under 
the form 2*. 3*. 7. 

93. To ascertain what numbers are prime, 

(1) Every number whose units’ figure is o, 2, 4, 6, or 8 is divisi--’* 
ble by 2 {86), and therefore ever)* such number except 2 itself is not 

a prime. Every number whose units’ figure is o or 5 is divisible by 
5. and therefore every such number except 5 itself is not a prime. 
Hence the units’ figure of every prime number, except 2 and 3, 
must be 1, 3, 7 or 9. 

(2) If then the units' figure of the given number be J, 3 , 7 or 9, 
try as divisors one after another the primes 3, 7, m, 13,... until we 
cither obtain an exact quotient, in which case the number is Viol 
prime, or until we obtain a quotient less than the divisor, in which 
case it is prune ; fur if the given number were divisible by a prime 
which gives a quotient less than the divisor, it must also be divisi- 
ble by this quotient ; and this quotient is either a prime, or the 
product of two or more primes, and therefore the number would be 
divisible by a prime which gives a quotient greater than the 
divisor ; but it is not : hence the number is a prime. 

Ex. I, Is 689 a prime number? 

689 is not divisible by j (88, Cor. i], nor by 7 by trial, nor by tr {89), 
but it divisible by 1 3 : therefore 689 u net a prime. 

Ex. 2. Is 947 a prime? 

N7 h not divisible by 3, 7, ii, <3, 17, 19, 13 or *9; and when 
divided by the neat {fame 31 {93), the quotient is less thin 31 : therefore 
94 * prime. 
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$ 94 - 

94. To decompose a number into itt f>ru >14 factors. 

Let the numher be 44856: it is divisible by : giving 3)4485(1 
the quotient 224:8; 22428 » divisible by 2 giving tin' 2122428 
quotient 11:14; 11214 is divisible by : giving the quo- 2)11214 
tient 5607 ; and 5607 is not divisible by 3 J$ 6 o 7 

Again, 5607 is divisible by 3 (88, Cor. 2) giving the 
quotient 1869: 1S09 is divisible by 3 giving the quotient 
623 ; but 6:3 is not divisible by 3. 

Nor is 623 divisible by the next prime 5 87} ; but it is divisible 
by 7 giving the quotient 89, and 89 is not divisible by 7. 

Lastly, 89 is not divisible by the next prime 11; moreover any 
greater prime than 1 1 would give a quotient less than itself: there- 
fore 89 must be prime (93). Hence 

44856 - 2 . 2 , 2 . 3 . 3 . 7 . 89 2 1 . y. 7 • 89. 

And as the same method is applicable to every number, we 
have the following Rule : - 

Divide iu iWuvjnVu. ,tnJ in e> uh iit.se nr often os possible, h 
etch of the primes 2, >, j, 7, u,.., to huh eon be used as divisors, 
until w aunt to a quotient which it prime i6?b ; these divisors and 
the lust quotient put under the form 0/ a product express the de- 
composition of the given number into its prime f tu tors. 

F.x. 3. Resolve 8862777 into Us prime factor*. 

3 j «9 j 8S62777 by adding the figure* tigetlu'r, we hud llut the 

3 J «9 ; 984753 numliei i> divisible by 9 nr j : ; in like mhiiif ‘>he 

7 ) 109417 quotient i* dividble liy 9 nr Ji*; but the qu<iMrn! 109417 

7) 156)1 is not divisible by 3. Wc imw try 7 at nuny times in 
7 | 2235 micccsmvu as pn^ibk, and we pt the quotient 319 
1 1 T319 which i* not divisible by ; : we therrfore try n , giving 

2!) the quotient j<>, and 19 is prime; therefore 

^86*777 4 , ,t s - 7 ’ 7 'J. »i . 19* 3*. ti . n> 

95 * V ' number be prime to faeh of two others , it is prune to 
thtir product. 

Thus, if 8 is prime to 7 and to 1 5, it is prime to 7. 15 For if not. 
8 and 7 ■ 1 J llA v< ! a. common measure : let it be 2. Now since 8 is 
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prime id 7 and to 15^ every measure of if is prime to 7 and lo 15, 
and therefore : is prime to 7 and to 15. Hut again, 2 divides 7.(5 
and it is prime to 7, therefore it divides 15 (75}; but it is prime 
10 15, which is impossible, Therefore 8 is prime to 7 , 15. 

0 >K. 1. If one number be prime to another, it is prime to any 
power of that other . Thus if 3 be prime to 7 it is prime to 7 . 7 
or 7 J , Aid therefore to 7 2 . 7 or 7*, and therefore to 7*, 7 s , .. 

C*>K. 2. If one number be prime to another ; any power of the 
firmer is prime to any power of the tatter. Thus if 3 be prime to 
7, it is prime to any power of 7 (Cor. 1 , that is, any power of 7 is 
prime to 3, and therefore to any power of 3 Cor. r. 

</>, The G.C.M. of two or more numbers may be found by de- 
composing them into their prime factors, ami forming tlu product 
of the least powers of those factors which are common to ail the 
given numbers. 

Suppose the given numbers when decomposed into their prime 
factors t» be 

2 5 . 3*. j : . 7 : J*. 3 5 j J : j* 5 . 7 1 ; and 2\ 3*. 5*. 7*, 
then their CM. will be 2 J . 3 1 . 5. 

For take the number in which the lowest power of 2 occurs, 
namely j\ 3*, 5 l -7; this number is divisible by a’, but since ; is 
prime lo 3, 5, and 7, it is prime to 3*. j*. 7 95', *nd therefore 
: V 5 1 . 7 is not divisible by a higher power of 2 than 2 3 ; and 
therefore a higher power of 2 than 2* cannot occur as a factor in 
the ti.c.M. Si 111 daily a higher power of 3 cannot occur as a factor 
in the G.C.M. than j ! ; nor of 5 than 5 ; and 7 cannot occur at all, 
for 2*. 3*. 5 is not divisible by 7. Nor can any other prime num- 
ber occur as a factor in the G-C.M. such as 1 1, 13,... for it would 
he prime to each of the given numbers (95}, Therefore the O-Ot. 
required cannot be a number greater than 2 1 . 3V $■ Hut again, 
each of the given numbers contains all the factors of 2 1 . 3 s ■ 5» or 
2 , ,3 , .’5 is n common measure of those numbers; hcncc 2 1 . 3 1 . 5 
is the o.c.M. required. 
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97. The LC.M. of two or more numbers y may be found by He- 
composing them into their prime ft c tors, and for suing the product 
of the highest powers of all the factors that occur in tpe given 
numbers. 

Suppose the given numbers, when decomposed into their prime 
factors, to be 

2 s * 3 4 - 5 * - 7 ; 2* . 3 s . s . 7* ; and 2 s . j*. $*.7^ 

then their LC.M. will be ; s . 3* . j* . 7* 

For take the number in which the highest power of 2 occurs, 
namely 2* . 3 S « 5 s • 7 s i ' n order that the LC.M. required may be divi- 
sible by this number, it must be divisible by z\ that is, by the highest 
power of : that occurs in the given numbers. In like manner, it 
must be divisible by the highest powers of all the other numbers 
that occur as factors in the given numbers, that is, by 3‘, J 3 , and 
7*5 or the 1 -C.m. must be divisible by s*, 3*, j 3 , and 7*. And 
since each of these numbers is prime to ail the others, the 
must be divisible by 2 s . 3*. j». ;» (77), and cannot therefore be less 
than 2\ 3‘. 5*. 7^ itself. Hut again, : 5 . 3*. j 3 . ; 3 , containing as it docs 
all the factors of each of the given numbers, is a common multiple 
of them , hence 2 1 * . 3* . . 7 5 is the t. c. M. required. 


i..\f.Kusr: ro. 


Ascertain which of the following nu mien 3 
prime, give their leat divisor : — 
f.| 189, 461, 667, *51. (,) 95j. t5 i 7a ,7,9. 

How many prime tuidiLts are there between 
{4) 330 ami j t©. , 55ft and 5B0. 

Decompose the following numlwn into tbeir j»ri 
(7) 4**, 4^0. 3 * 0 b riS 8 . 

( 9 ) 1S17, 1485, 116800. 

(>0 93*55* 53590. 47<% 

( f 3) jo«079r +1+9173. 


prime, and, when not 
( j) *5*1.3389,4717. 


(U) ;<>oan<l9ij? 
ic factors: 

(8) 1309,943.10000. 

(»o) 35.010, lfifiji, 401313. 

(i a) 88715,98733,190463. 

* 59 s N, 738964JJ. 
hind the G. c. m. and of the fallowing number* by decomposim; 

them into then prime factors**- 7 

|’*j » 6 “ I6 . 3 S- 04 , 

2 If',""* HW-mBsShiI,. 

H9) '3- *7 • «% 17- «9- if, and 19 .j,. ,3. 



CHAPTER V. 

FRACTIONS. 

98. A MAGNITUDE may contain its unit a number of times 
CUCtly, or a number of times with a part remaining over less than 
the unit, or the magnitude itself may be less than its unit. In the 
latter cases wc divide or break up the unit into a certain number of 
equal parts, and taking one of these equal parts or sd1>-multiples 
of the unit as nur subunit, we find how many times it must be 
repeated to make up the remaining part, or to make up the given 
magnitude. 

Thus if we divide the unit into 8 equal parts, the sub unit will be 
one-eighth of the unit : and if this sub-unit has to be repealed 5 
times, the magnitude is 5-eighths of the unit. 

99. When a magnitude contains its unit a number of times 
exactly, the resulting number {4) is called an integer or ivkoti 
number ; when a magnitude contains a sub-multiple of the unit, a 
number of times exactly, the resulting number is called a fraction; 
thus 5 is an integer, 5-cighihs is a fraction. 

9 The sum of a whole number and a fraction is called a mixed 
number, as 7 and 5- eighths. 

too. The number which points out into how many equal pqrts 
the unit has been divided is called tile denominator of the fraction; 
and the number which points out how many limes one of these 
parts lias been repeated is called the numerator. The numerator 
and denominator are called the terms of a fraction. 

tot. Notation ami Numeration of * fractions, Wc express a 
fraction in figures by writing the numerator above the denominator, 
and drawing a bar between them; thus the fraction ^-eighths 
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§ 101. 

which has i fur its numerator and 8 for its denominator is written 

t 

And the mixed number 7 and 5 eighths is written 7 + j;, or 
rather 7! ; tor the addition-sign is almost always omitted. 

Conversely, a fraction expressed in figures is l ead by first l eading 
the numerator and then the denominator with the termination 
“ths' 1 ; thus i** is read eight-thirteenths. The exceptions arc that 
fractions with denominator 2 or 3 are read as so many hal\ r es or 
thirds , and with denominator 4 as sn many quartos as well as 
fourths, A mixed number is read by connecting the integer and 
the fraction by "and " ; thus 7 1 is read seven and live -eighths. 

102, Not only do we measure magnitudes which arc less than 
the unit by a sub-unit, but sometimes those which are equal to or 
greater than the unit ; hence we may have such fractions as *, iff 
Also if we suppose the unit to be divided intu 1 part, so that the 
sub-unit is the same as the unit, wc may have such fractions as 
f. { : which differ only in form from the integers 3, 9. 

Again, in measuring a magnitude by 4 sub-unit, wc may have 
a part remaining over less than the sub-unit, and this remaining 
pan wc may measure by a subordinate sub-unit : hence wc may 

have such fractions as * <y . 1 ^ . 3 5 
8 20 4 

And, lastly, if we take our suit- unit so that a fractional number 
of sub-units make one unit, wc may have such fractions as 

3 31 }\ 

5l * >i 

toj. Again, A fraction expresses the quotient of the numerator 
by the denominator, 

l-or to take an eighth part of 5 1$ 10 ukc an eighth part of each 
of the units which make up 5, iin d is therefore one- eighth repeated 
5 times, or is j-eighths. 

Or wc may proceed thus:— Since 1 unit is 8-cighihs, therefore 
5 units is 40-cighths, and therefore j divided by 8 is 4t>-eighths 
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' ~ 

divided by 8, and is therefore 5-eighths ; that is 

S+H 

CoR.«t. Hence £ is not only read ^-eighths, but also 5 by S. 
Sometimes, the position only of the figures is regarded, and $ is 
read 5 wrr 8 ; but this reading ought to be discouraged. 

Cur. 2- If we multiply a fraction by its denominator we obtain 
its numerator . 

Since * is the eighth part of 5, | repeated 8 times gives 5, or 
* *8-5. 

104. Fraction of a Fraction. If we take a fractional magnitude, 
and regarding it as a new unit, divide it into any number of equal 
parts and lake one or more of these parts we shall get a fraction of 
a fraction : as $ of j. 

jCj. We distinguish fractions into the following kinds : 

(t) A proper fraction is one in which the numerator is less than 
the denominator, as $. 

(2) An improper fraction is one in which the numerator is not 
less than the denominator, as J, W, 

(3) A simple fraction is one in which numerator and denomi- 
nator arc both whole numbers, as J, W. 

(4) A complex fraction is one in which numerator or denomi- 
nator or both are not whole numbers, as 

H 3 -J 3* -25 

7' sr ir 3i+2i‘ 

(5) A compound fraction is a fraction of a fraction, as $ of j- 

106. The following definitions will also be required 

(1) The reciprocal of infraction is the fraction formed by inter- 
changing its terms; thus the reciprocal of ? is j, of 6 or f is J. 

(2] Fractions whose denominators may be any number we 
please, whole or fractional, are called vulgar, that is, common or 
ordinary fractions; whereas fractions whose denominators are 
Ip, 100, iooo, ... are called decimal fractions. 
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REDUCTION OF MIXED NUMBERS 'ft* FRACTIONS. 


107, To express a whole number or <» mixed number as <1 
fraction. 1 

(1) Take the whole number 7- Since I is equal to 2-halves, or 
3-thirds, or 4-fourths,... therefore 7 is equal to 7 times 2-halves, 
or 7 times j-thirds, or 7 limes 4* fourths, ; that is 


' i " "3 4 


5 -&c., 


hence, For the denominator take any integer^ and for the numerator 
the product of the given number and the denominator. 

(2) Take the mixed number 7}. By the preceding case 

7*5 . 35 . 

5 ' 5 ’ 

therefore 7?. 7-r - 

* 5 5 S 

but these fractions have the same sub-unit, namely 1 -fifth; and of 
such sub-units the first contains 35 and the second 3; therefore 
their sum contains 35 r 3 of them ; that is 
?9 ..35 + 3 3$j^3 
' > $ 5 ’ 

hence. For the. denominator (ate the denominator of the fraction , 
and for the numerator the product of the whole number and the 
denominator increased by the numerator , 


108. Conversely, To express an improper fraction as a mixed 
number. 

Take the improper fraction •*. Since 5-fiflhs is equal to t, 
3S-fifths is equal to 7, and 38-fifths is equal to 7 and 3-fifths : 
that is 

V=T+? 7 +i- 7 ii 

where the division of 38 by 5 gives the quotient 7 and the remainder 
3 : -hence wc have this Rule : 

Divide the numerator by the denominator; the quotient will be 
the integer of the mt xtd numfcrr, the remainder will be the nume- 
rater of its fraction, and the denominator of the given fraction its 
denominator. 
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ft to8. 

Ex. r. Express 335 as a fraction, with denominator 999, 

3 k ~ m 999 1 3 ’ 999 

Ex. 2. Express 5<>lj as an improper fraction. 

59 

w ii = 59JL73JJ7 = 4314 £ 

,y ” 7 i 73 ‘ 

4 JM 

Ex. 3. Express •JUjj 1 as a mixed number. 

274 ) 6901 ( 25 

14a 1 therefore = 25^. 

5 » 

Exercisf. tt. 

1. What fraction do we form in dividing a unit into 1 ; equal parts, and 
taking 1 1 of them ; into 10000 equal parts, and taking 1001 ? 

1. Express in figures: One fifth; one quarter; nine halves; twenty- 
three thirds; twenty-five forty-ninths; five thousand and ninety millionths, 

3. Express in figures : Three, and a half; two, and a quarter; five, and 
five ninths; seven, and three elevenths; sixteen, and nine twenly-onelhs; 
three hundred, and ninety-one thousandths. 

4. Express in words; ft, J, ftf, T Vs, jft- 9N, ijJS- 

5. Express as a fraction : 1 1 with denominator n ; 9 with den- 1 7 ; 56 
with den. 37; 779 with den. 13; 87 with den. 97. 

Express the following mixed numbers as fractions: 
ft- 1 *i, 13I, nil, 33 i r i, 4^14, 156/,, 95U. 

7 - toil*. > 9 iS. 3 * 3 ^, 49W1 “JUS* 9 s 791 H 1 ' 

Express the following improper fractions as mixed numbers : 

8 till M3 143 »' k 7 875 5*3 74" •*» <9? s 3 

it ' tj’ 1* ’ 17 • 9 ’ n’ 45 ’ *3 ’ ‘ 

3003 4511 76845 879641 830516 3854171 

9 ' «7 ?» ’ m ' 3 (1 5 '9891 ’ "3769"' 

1 q, Express the reciprocals of the following fractions as mixed numbers: 

7 >5 17 too 87^ _99_ ttj 

»i‘ 49* fij’ 5874' *i»S‘ 45*7 '<»ooo' 

u . ¥’mv\ &$ mixed iwwVtv.TV V^CTVkb. ywV ol two-, \V vsv«o.«r\vb 
part of 1 345 * the eighty-ninth jwirt of 3567. 



60 FRACTIONS. J 109. 

' ' t 

jog. If we multiply the numerator and denominator of 4 simple 
fraction by the same whole number, the value of the fraction is 
unaltered. 

For example, * ‘ ^ . For g means that a unit has been 

divided into 8 equal parts, and that 5 of these parts have been 
taken ; if now we divide each of these S parts into 3 equal 4 narts 
the unit will be divided into 8 times 3 equal parts, and the 5 parts 
previously taken will give 5 times 3 of these new parts : hence, to 
divide the unit into S equal parts and to take 5, is equivalent to 
dividing it into 8. 3 equal parts and taking 5 . 3 of them: that is, 

> 5 - .1 

8 8 . f 

CoR. If we divide the numerator and denominator of ,i simple 
fraction by the same whole number, supposing bath to be divisible 
by that number, the value of the fraction is unaltered. 

1 10. To multiply a simple fraetiun by a whole number, we may 
multiply the numerator by that number: or, if the denominator be 
divisible by that number, we may divide the denominator. 

(t) The parts composing the fractions jj and arc each 

equal to one-eighth, and the number of parts taken in the second 
fraction is 3 times the number taken in the first, therefore the 

second fraction is 3 times the first, or | x 3 . 

{2} Ily the preceding case, * x ; but - ^ - * (109), 
55 4 3 4 3 43 4 

therefore- *3~~. 

4-3 9 4 

in. to divide a simple fraction by a whale number, we may 
divide the numerator , if it be divisible, by that number, or we may 
multiply the denominator. 

W com^osmij the tractions ’ ~ and ^ ate each 

equal to one-eighth, and the number of parts taken in ihc first 
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fraction is 3 times tyc number taken in the second, therefore the 

second fraction is the quotient of the first by 3, or ~ ^+3 - * . 

0 8 

(2) Hut if the-numerator be not divisible by 3, as in ^ , multiply 

numerator and denominator bv 3, then 5 - (too); and by the 
b 0.3 

prcctftling case, \ ; therefore ’-3 - 3 . 

0.3 0.3 8 0.3 


1 1 2. To express a compound fraction os a simple one. 

Take the compound fraction of ~ : it means that regarding 
j * whole we arc to divide it into 9 equal parts, and take 8 of 
those parts; but when wc divide j* into 9 equal parts, each part 

will lie equal to •"*7-9 or to ^ (in, 2), and S of these parts will 

11 0 n.8, . , . 

give x » or ( 1 to : therefore 
12.9 12.9 s 

S . u 1 1 . 8 8 . 1 ' ,, . 

- of - . (61) 

9 12 12.9 9.1. 

. ... j , 8 e 11 i r S. n 

in like manner of of - ol 

4 9 ]2 4 9.12 

,3-8-11. 

4- 9- 12 ’ 

hence we have this Rule 

Multiply all the numerators together for the numerator required 
and all the denominators for the denominator. 

Remark i. Wc must express mixed numbers as improper 
fractions before applying the Rule. 

Remark 2. If there are factors common to numerator and 
denominator, they may be cancelled, or struck out, before obtaining 

the final result. Thus, in ^ ‘ ‘ ' * 1 , rejecting the factor 3 common 
, 4 ■ 9 • 12 1. 8. 11 

to numerator and denominator, we have again, rejecting 

tot common factor 4 vie *j '' 3 '. rtjtcvmg toe tom- 
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mon factor 2 we have ' . or -■= . The* work usually stands 

I.3.6 ! 0 

thus : * 

SrflrfU.liL-".}*, 

4 9 12 4,4.42 lb 

3 6 

Remark 3. In cancelling, if a quotient be 1, it is usually 
omitted : thus, over the cancelled factors 3 and 2 in the ^bovc 
numerator no number appears. 

Ex. 1. Express , -^and ~ as fractions with denominator 432. 

Now 1 « -*■ 1 1 = t <5 anti *- — - -- ^ = 1 ~ ; 

n u.36 431 


4 jj-ri6 j; 


9 ^ 9 -r r m, 

id 16. a; +\i' 


»7 i;.i6 432’ 


"64' 


Kx. 3. 3? of of - 0 
<3 24 


>u 


r IW) , UK, 

*•*•*-.*** 

7 13 M It 

» 4 

fXIjr^xKXH J 
(> 

= l| 3 


EXERCtSK 12. 

1. Find fractions equal to ^,ind j-~, having K4 for their denominator. 

1. Transform , — , and ^ , into p^ual fractions whose den' shall be 315. 

3. Find fractions equal to , * ' , and 1 ' , having 756 for their com- 
mon numeral or. 


4. Transform -- , and into equivalent fractions whose de- 
nominators shall be 13, j j and 10 respectively, 
j. Express 171, and ijj « fractions, with denominator 18. 

6 . Express 41}, 13^, 7^ and 9/, as fraction!, with denominator 140. 
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Find the viluc of ; 

. 'K*. ”, 


iil x 7i 9tV x >71 


>45 . , 


:f+”; 


Reduce the following compound fractions to simple ones : 

8,15 IS ,35, 41 f $5 3 ,,, , «<5 

9 3* aS 51 55 J8 4 15 

10. 1 of 6? "f l ’l of of — ; - of 11 of ** of 4U. 

9 < 5 45 9* 9 J 5 >* 


65 x ti. 

9i?-rS- 


II, 7 ] of ~ of y| of ; jj of 6} of iyj of 10} of 9^. 

1 7 . of of 9!*, of ${ of -- of ^ . 

3 >5 4* i* 1 


REDUCTION OF A FRACTION TO ITS IjOWKST TERMS. 

113. A simple fraction is said to be in its lowest terms , when no 
fraction of equal value can be found whose terms arc less than 
those of the given fraction. Thus | is not in its lowest terms, for 
it is equal to J ; but ^ is in its lowest terms, for no equal fraction 
can be found whose numerator and denominator are respectively 
less than 3 and 4. 

114. If the numerator and denominator af a fraction he prime 
/« each other , the numerator and denominator of any fraction of 
equal value will he equimultiples of the numerator and denonth 
no for of the given fraction. 

Take any fraction | whose numerator and denominator are prime 
to each other, and suppose J is equal to the fraction ~ where a and 
h stand for two whole numbers \ then a and h are equimultiples of 
4 and 5. 

Jf we multiply each of the equal fractions ^ and J by b the pro- 
ducts will be equal ; but * multiplied by b gives a (103), and 
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* multiplied by b gives 


4x£ 

7 


(no); 

4 ** 


.and since <t is a whale number, 4 x b must be divisible by 5 ; but 5 
is prime to 4, therefore it must divide b (75). In dividing b by 5, 
let the quotient be denoted by the whole number c, therefore wc 

have i=5Xi- 


and therefore u v---4xr; 

5 

thus a is the same multiple of 4 that b is of 5 ; or u and b are equi- 
multiples of 4 and 5. 

Cor. Hence all the fractions which are equal to a given frac- 
tion, whose numerator :md denominator arc prime to each other, 
are found by multiplying its numerator and denominator by the 
numbers 3, 4, 

iij, For it fraction to hr m it t l<Koest tortus, it is necessary 
and sufficient that numerator and denominator bt prime to rack 
other. 

(1) It is necessary,— for if they are not prime to each other, they 
have a common measure; divide them by this common measure, 
and we have a fraction equal to the proposed in hnver terms. 

(2) It is sufficient, -for if they arc prime to each other, every 
equal fraction must have its terms equimultiples of the terms of 
the proposed fraction ; ami must therefore be in higher terms than 
that fraction. 

COR. If wc divide the numerator and denominator of any 
fraction by their i;.c.M., the numerator and denominator nf the 
new fraction will be prime to each other, and therefore it will lie 
in its lowest terms. Hence, to reduce a fraction to its lowest 
terms, toe divide the numerator and denominator by their c.t;. m . 

Example. Reduce • to its lowest terms, 

* 4'5 I "°35 105 ) ( ’J 105 ) JOK ( 6j 

13 «o 7*^5 315 73$ 

105 ,110 0 0 

I 7 10 


fraction required. 
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116. In practice, however, we seldom need to find the a. c, w. of 
numerator and denominator : we see by inspection, or find by trial, 
&ome factor common to both ; and, having expelled that factor, we 
proceed again in the same way, and continue the process until the 
terms are prime to each other. 

Thus in the preceding example wc see that $ is a factor of both 
terms ^86), hence we have ***. : we now see that 3 is a factor of 
both (87), hence wc have : again we find that 7 is a factor of 
both, hence we have : but 23 is a prime, and does not divide 67, 
therefore 23 and 67 are prime to each other (68}, and ** is in its 
lowest terms. 

The work usually stands thus; 

241S <A3 _ 1 ft 1 _ v a 

*oas HOT 4«» t»7 * 


Exercise 13. 


Reduce the following frictions io their lowest terms, without finding 
ihe G.C.lt. of numerator ami denominator (116}: 


H9 ( 50S 304 

‘ 168’ ^4 ’ '°ri* 

15*4. 3176 

* SW* 7.Wi’ 49* 4 
II?-* 0 . 997*5 

* «04j’ '>39f>o' 

Reduce the following fractions 10 
of numerator ami denominator : 


*39 660 6; j 

63;* iff J* 1056’ 

.*919 10395 

4 ’ 9163' 19635' 

6 30429. 475«® 

8864 1 ’ 639936' 
lowest terms by finding the g.c.m. 


1 16 1 Jtjjcji 10307 
'* 1649' 1095*9’ 94637’ 
42237 . <?f469 
9 * ’ 3597*4 

u 70609 t 136417 
ijioot’ joiottj' 


rSc.77 > 14193 61013 
10006 ’ 48569 ’ 63519 ' 

1 Sot 94 333567 

1973594 ’ 436103 ‘ 
1831051 496 60649 1 

1591515’ 1006110363' 


Express the following frnctinns as mixed numbers, reducing the fractional 
|«rt io its lowest terms : 


U. 6 9. #J. 6 Ili. 

9 ’ n in* 


16(91 *5»57. 75648 

457 * 161 * 864 


R-S. A. 


5 


•4‘ 
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mjcrioxs. 


i i «7- 


LK.VST COMMON UKN'OMINaVoR. 

117. To reduce fractions to others having a least common de 
nominator is to find equal fractious having a common denominator, 
and that denominator the least that can be taken. 

Let the given fractions be in their lowest terms, then the terms 
of the equal fractions must be equimultiples of the terms, of the 
given fractions \i14b and therefore every common denominator 
of these equal fractions must be u common multiple of the given 
denominators. 

Again, take any common multiple of the given denominators ; 
find the factors by which we must multiply each denominator to 
produce this common multiple, multiply the terms of each fraction 
by their factor, and we have equal fractions with this common 
multiple for each denominator. 

Hence even' common denominator of the given fractions is 
a common multiple of their denominators, and every common 
multiple of the denominators is a common denominator of them : 
therefore the I.. CM. of the denominators is the least common 
denominator of the given fractions. 

Therefore, to reduce fractions to others having the least common 
dehominat<>r. we have this Rule : 

Find the l.x.M. of the given dt nominators, and i.u ke it for the 
{tost common denominator; decide it by the denominator of the jirst 
fraction, ami multiply the (,rmt 0/ this fraction by the q notice!; 
and do the same with all the other given fractions. 


Ex. 1. Find fractions equivalent to jj, , - and * 7 having 
the least common denominator. 

l /J t,c ft j k. i t , ih „ 

4* ». 5. 7 

Least common denominator -R x j x j x r 40 . 

Now 440* A = tot, therefore 4 * 4 * 104 , 3« 4 
» tuioj 840 


J« :a 77°. 
»"n» 70 '840* 


840-^11=170, 



LEAST COMMON DENOMINATOR. 


% it 7 < 


67 


840-r 15^5/), therefore 


8 __ 8 x 56 __ 448 ( 
J 5 _ * 5 X 56 "i 40 f 


840* it -40, 


17 17 x 40 _ 680 

ji 11x40' 840’ 


Ex. 2. 



Arrange in order of magnitude the fractions g, j-j 


8 


Reduce these fractions to equivalent ones with the least common de- 
nominator ; these liy Ex. 1 we find to be 

W. 77 °, «* and fiS °; 

840 X40 840 840 

and. as the parts composing each of these fractions are all equal, the one in 
which the greatest mini Ut of parts is taken will la* greatest ; hence, arranged 
in order of magnitude, we have 

J'-\ «*. 680 nd 

84 0 840 84 0 840 

. 4 8 jj tt 

that is, ,1 and 

8 i< n 11 

arc in order of magnitude; ^ living least and 11 greatest. 


Exercise 14. 


Reduce to equivalent fractions with the least common denominator: 


, * 7 8 9 . 

6' g* t}' to’ 

2 3 5 7 * U. 

7 * <)' 31 ’ if' 

. *3 «7 '9 47 , 

* 17' 18' 14 * .44 ’ 

73 *« '3 3 « • > 7 . 

fio* 15 ‘ 24’ 40* 100’ 

19 r 1 8 is 81 «; 

‘‘ 11’ n’ »*' 17’ 3}’ 40’ 

Express the following numbers as 
denominator : 

4 - jA. J. <H. j*. 0H1 


6781. 

7' 8’ 9' 11" 

3 9 17 

4' 10' ij’ 11* 

3 37 459 » 75 < 5 _ 
to’ 1000* 10000’ 100000 ' 

19 £7 >3 MS >5 

i <5 ’ 8 ' 54’ 48 ’ j«‘ 

14 15 ty 19 13 its 
ij’ t6’ 18’ 10’ 14’ a;’ 

fractions having the least common 

8 }fi l °iV 6»V ^ < 9 i*’ 

5-3 
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fractions. 


Ex. 14. 


7, Arrange in order of magnitude : 1 

" '« »<*. 1 * J 1 ' 4 . 'f . \ f * 

if’ «»* 33 ' if’ 4* ' '9' 4 ’ J 7 y 

, j; m + 8, t < 

8, Which ts greater, ‘or * . ? ‘or o' 

b 19 19+8 19 19-8 

9, Arrange in < inter of magnitude 

8 9 j>*«J 13 if »34 « 5 . 

■*’ J r l J + *f’ 1 4 ’ i6* 14+16’ 

5679 j+647+9 

6 ’ j* S' to’ 6 ^7 + S + io 

10, Find ibe least and the greatest of the following mimliers: 

A a 7 y . '« 15 w 37. ‘©' jj . , ?ogi 

ij' 16 1 jo’ t!t’ 14’ 17* 3$' 13 ’ ’ ' <u ’ 143' 

11, Find a fraction inlermo/iate in value to ' and whose (ienominalor 

6 • 

is 84; to - and whose denominator is 720. 

3 7 J 

n. Of J< " . — and which is intermediate in value? 

87 341 4JS 


13, Reduce , lo cmial fractions with the least cura- 

J 968 ty ij 

mon numerator. 


ADDITION, SUBTRACTION, 4 c. OF FRACTIONS. 

It?. The definitions that have been given of Addition, Sub* 
traction, Multiplication and Division have been given with reference 
to whole numbers only : it will now be necessary to extend them, 
that they may be applicable and consistent whether wc are operating 
on whole numbers or on fractions. 

ADDITION. 

119 Addition is the operation by which wc find a single mim- 
ber that is equal to two or more fractional numbers put together. 

This single number is called the sum of the given numbers. 

1 20. To find Ok sum of two or mm given fractions. 

( 1 ) Let the given fractions have the same denominator ; fur 
example, find the sum of *, | and | . These fractions have ah the 
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same sub-unit, onc*^venih ; and of such sub-units the first fraction 
contains 4., the second 5, and the third S; therefore their sunt 
contain \ 4 + 5 + 8 of them ; or 



that is,— We add the. numerators of the given fractions together 
for the numerator of the sum, and tale their denominator for its 
denominator 

(2) Let the given fractions have different denominators ; for 
example, find the sum of * , J , jj , ^ . Since the parts com- 
posing these fractions are all different, the first step will be to find 
fractions equal to them composed of the same parts, that is, which 
have the same denominator ; and of all common denominators the 
/<tfj/wj|| be the most convenient. 

The least common denominator is found to he 24, so that 

j 4 T « h *>4 n r n 

= »«+ix+m2i - 1J0 j 



We have then this Rule,— Reduce the given fractions to (heir 
least common denominator; add the numerators together for the 
numerator of their s-m, and take the least common denominator 
for its denominator. 

• Remark 1. The sum should always be expressed in its lowest 
terms; and, if an improper fraction, should be reduced to a mixed 
number. 

Remark 3. Compound fractions should be reduced to simple 
ones, before the application of the Rule. 

Remark 3. Numbers, whether whole or fractional, mag bt 
added together in any order we please; for reduce all of them to 
a common denominator, then their sum is found by finding the sum 
of their numerators; but these, being all integers, may be added in 
any orifer wc please (25), and therefore the numbers themselves 
may be added in any order we please. Hence, instead of reducing 
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mixed numbers to improper fractions, we in;})’ add separately the 
integral and the fraction.il parts of such mixed numbers; thus 

8;*3; + 2 ; s 84j + 3 + ; + 2,j 

,Uj + 2 + Mt>. 

J -tie 

lix. 1. Find the sum of *?. }*! , and J 7 . 


hence, 


" 6 .V 

2. Find the sum of 5 7 ♦ 8 r , n 1 of ! * , 1 rtl and iy l \ 

** I' '’J 2.1 ’ I? 'tff 

'3i “*■ a** •V rf ,V V 4 j ; 

3 j 9. 5. *i. 24 

> 5. "8 

. least common denominator =3 *3*5x8 360, 

'iW.VIrV*'#- -si**!- ♦«{♦*,*,■ ♦'»« 

• 4- ■ 

42 

-»+'l 

42 + 3; 

. 45 s8 . 


» M IMI 

*t \ + j»n + a«t» + ijwi + ssr, 

a*io aA<> ?,r,o ^Ati ano 


EXtRClSK 15. 


Find the mm of 
8 


s. ns 


*J*3 6041 


'Jin- 

■7 5 1,3 3 V) 

*3' 9’ 35 * 


i ? 3 4 3. _7 it 17 14 
2’ 3’ 4' 3 ’ 8’ ii’ 18’ jo’ 11 * 
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— -*■ — 
. m 5,<} '33 U5 7 of ! - + ? 0 f„‘ 

^ «6' 339* 67H 1 jKs’ 325’ 331* 4 8 J2 16 16 4, ‘ 

4- 4* *1 itV «} ■*- *A. JA» ♦*! ; 0 . ,«£■ 

1 1,5 J 1 8 ‘ ‘ js, jo 11 15 30 

Find the value of 

6- *JiS + 7tt + *1 of j ' r ' f* : /, 4 o( 1 5 4 , 8 j + Vi of *li * i°>l 
7 . * of 4 t f yji + ^ nf (%\ + 4 of i} + j of cjj. 

S. i of J of 5 1 j 4 , f j of * Of 5</i J t J Of * of 1 Wi 4 . 


10. Of Ihe nujnlwn; ami 

3 4 


4 ^ , which is greatest? 


SUBTRACTION. 

121. Subtraction is the operation by which we find what 
number is left when a smaller fractional number is taken from 
a greater. 

The number left is called the Remainder. 

122. As in integers, the number left is the Aifftrtna between 
the two given numbers, is the ereess of the greater number over 
the less, ami is the number which must be added to the less 
number to make it equal to the greater. 

123. Tfi subtract aw /radian (ram another (radian, 

(1) let the given fractions have the same denominator: for 
example, subtract *. from Each of these fractions has the 
same sub-unit. one-seventeenth; and of such sub units the Minuend 
contains 9 and the Subtrahend 4, therefore the Remainder contains 
9-4 of them; or 

* _ * * l-i * 

17 17 17 ’ 

that is,— M V subtract tkt numerators a/ the given /radians far 
the numeral or of the Remainder, and take th'ir denominator far 
Us denominator* 
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(a) Lei the given fractions have differ Ait denominators: for 
example, subtract * from Since the parts composing these 
fractions are different, the first step will be to find fractions equal 
to them composed of the same parts, that is, wh'ieh have the same 
denominator; and of all common denominators the least will be 
the most convenient, 

't he least common denominator is found to be 24, so that 

M _ 3 ... _ » 

1 2 ~ H ~ 2 4 ~ 24 

14 

_ 1.3 

34 - 

We have then this Rule, Reduce the given fractions to others 
having the least common denominator, subtract their numerators 
for the numerator of the Remainder, and take the lout common 
denominator for its denominator. 

Rf.MARK t. The Remainder should always be expressed in its 
lowest terms; and, if an improper fraction, should be reduced to 
a mixed number. 

Remark 2. Compound fractions should be reduced to simple 
ones, before the application of the Rule. 

ADDITION AND SUBTRACTION. 

124. The propositions relating to the addition and subtraction 
of expressions made up of additions and subtractions enunciated 
in Arts. ^4 — 57 are equally applicable to fractions a9 to whole 
numbers: thus 

(l) To a fraction we may add the sum of two others by adding 
them in succession '54}. 



(117) 

-7 H w+m 


B4 M 


.7m($oo+u9j 

94 

( 120 ) 

1 m r*l±*p<j±!f£ 

1 ’ 3 84 

(54) 
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= 8 ? + 3 j+2«. 

(3) Again, From a fraction tut may subtract the sunt of two 
others , by subtracting them in succession. 

7a8-<3<HH-338>_ 73»-300-2 38 /., 

84 84 • 3 *' 

73ft -3l>» 28-8 /pj\ 

“ 84 84 ' “ 

_ 736 300 2*8 

- 64 ~ 84 84 

(3) And in precisely the same way may the other propositions 
in Arts. 55, 56 be shewn to hold true of fractions. 


125, We may also shew in the same way that 

(j) Additions and subtractions of fractions may be performed 
in any order. Hence instead of reducing mixed numbers to 
improper fractions, we may subtract separately the integral and 
the fractional parts of the mixed numbers ; thus 

8?. 3 4 ; 8 + a_( 3+ 4) =g + 3„ 3 _| (134,2) 


(3) An expression made up of additions and subtractions of 
fractions may be made equal to the difference of (wo sums ; thus 


il .iU-i 

* IS ta 19 It 


I» is“ia 1 s is IS 3« 


ft l£ It —17 sill 4 

S Jts 3 ltf 39 4 IS + 


H 

ts- 


Ex. i. 
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Ex, 2. Subtract 3^ from S$ ; and 3J froifl 8|\. 

(0 Si-3ft»SlMi»S.V 

- W Sft-3»-Sii"lt-4« + U-4lt 

Or we may adopt the following arrangement :— 

(l) S| ...44 (2) Sj'f ....4 

3*' •••« 3t 

Sii 4+t 

In the second example u we cannot subtract *J from jj we farrow 
1 or 1*, and then say |J from leave JJ, ami JJ and JJ is |j : ur 
simply 44 from sj n, and jj 46. 


Fx > s !-j!;K ,rf H of4 Hs!!“ 2 i) 


8 J or or v-sH- 



Exercise |6. 

Fire l the difference between 

1* and 4 ; 4 and 1 ; 81 ami ^ ; 7, , r and -* . 
ij 13 19 9’ jrT 11 

1, 9* and if,; 37 Jf and roJJ ; * 4 and M ; ' 7 ami 

7 f5 u J9 16 

3- ^ and and 3 ^ and ilJ- 

In the following examples write down the remainders 

nl ISA 5i 11 * toll 6A 

* m **« 3ii m ii» 5g 



Ex. 16. MUl. TJPUCA TION OF FRACTIONS. 

Find the value of » 

11 *7*. i ■ \ f! ji i; 

i • + - , + g ~ ; + j + 7. . 

' 3 1 o 8 14 j 6 9 n 10 


75 


of of 3I ; 


81 36 64* 

16 . [4 t,3 II 


*• ln'<) 4 C'!)' 0* + «Hs + i) ; + 

9. r*i of ij*,- - |6j - *1 of .. of 3J- + * 


10. Of i he fractions * 


if>' 14' 3ft 1 54 
greatest ami least exceeds the difference of the other two. 


find how much the sum of the 


11. Find the least fraction which added to the sum of ^ and 

8 10 11 

will make the result an integer. 

11. From the sum of isf anil 16& take the difference between 
i8i ; j and f\\. 


it. Subtract 1 of ' of lit from of ; and 1 of - of 1080 
3 >7 * 3 11 v 

from + of of 4lioi 

7 *3 

14. Add together 1 1 ^ and * ^ and subtract the result from 4 J. 

r j. |tj how much docs ji *■ 9* - 65 fall short of 8, ? s of j 5 J t ? 
iti, Find the sum of the greatest and least of the numbers 

‘ . the sum of the other two. ami the difference of these sums. 

10 


MULTIPLICATION* 

126. Multiplication is the operation by which we do to one 
given number called the Multiplicand, what we do to unity to 
obta.n another given number called the Multiplier. The result is 
called their Product . 

Since S is l repeated 5 limes, to multiply a number by 5 is to 
repeat that number five times : hence the above definition includes 
the multiplication of integers. 
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FRACTIONS. 


§ ,J 7« 

127. To multiply any number by <t fraction. 

For example, multiply * by J. Now ® is obtained by dividing 
1 into 7 equal parts and taking 5 of those parts ; hence, td multiply 
a number by * i 126), wc must divide the number into 7 equal parts 
and lake 5 of those parts; that is, we must first divide by 7, and 
then multiply by 5. But 3 divided by 7 gives {l li), aiul this 
result multiplied by 5 gives t,l 10' ; that is 

a x s_ JitA . 

* < if* ’ 

hence we have this Rule,— Multiply the numerators par the nume- 
rator <>/ the Preduet, and the denominators for its denominator. 

Remark i. If the Multiplicand or Multiplier he an integer, wc 
may consider it as a fraction with denominator i (101 

Remark 2. If Multiplicand or Multiplier, or both, be mixed 

numbers, we may reduce them to improper fractions, and apply 

the preceding Rule, thus 

a 3 X x 81 33 * 8 * 

4 S 3 ia M ' 13 Bulft ’ 

Remark 3. Before obtaining the final result, we may cancel 
any factor common to numerator and denominator, thus 


1 

a ' 


12& Comparing the process of the last Art. with that of Art, 1 12, 
it is seen that to take a fractional pan of any number is equivalent 
to multiplying that number by the fraction : thus, 8 of * is equi- 
valent to JxJ. 

Again, if we multiply 3 by 5, and then divide by 7, we shall ob- 
tain the same result as in first dividing by 7 and then multiplying 
by 5 ; and, as the same remark holds good whatever fraction we 
take for Multiplier, wc may say that 

To multiply by a fraction, w may multiply by the numerator 
«nei then diznde bv the denominator , or %-e may divide by the de- 
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|n8. 

nominator and then ytultiply by the numerator ; the ordered the 
operations being indifferent to the result. 


129. to find the continued product of three or mare fractions. 
For example, find the continued product of * , * and - 8 - . Now 

*“““*»? < i27 > 

therefore '«? * iVS*?* 

_Jt*A*R . 

■ 4 * 7*15 ’ 

hence we have this Rule, — Multiply all the numerators together for 
the numerator of the continued Product f and all the denominators 
for its denominator : cancelling all the factors common to nume- 
rator and denominator before obtaining the final result. 


130. The Product of two or more fractions remains the same, 
however we change the order of the factors. 

For the product has for its numerator the product of the nume- 
rators of the factors, and for its denominator the product of the 
denominators, and the order of the factors in this new numerator 
and new denominator may be changed in any way we please (61). 


COR. This proposition carries with it the following : 

« 

To multiply by a number whkk is tin product of two or more 
fractions we may multiply by tack of those fractions in succession; 


131. (1) If the Multiplicand be the sum of two or more frac- 
tions r, we may multiply each separately by the Multiplier, and 
take their sum. 




0+12 x B_ <10+ lg>*6 
IS" ' 7** 18*7 

s 10 *8+12** 

18*7 

„ I Ok* . l,|*6 
” 15x7 18*7 

a U** + lJ x ? 

1* 7 18 I 


( 12 /) 

(62) 

(l») 

( 127 ) 


For 



FRACTIONS. 


7* 


5 iji* 


(2} In like manner we may shew that,— V '{the Multiplicand be 
the difference 0/ two fractions, «v may multiply each separately by 
the Multiplier, and subtract : thus 

/«_av 6 , s 4 x «_il x fl | 

U 3 / 7573 * 

(3) And, as in Art. 63, l, we may shew that the same principle 
applies, if the Multiplicand is marie up of any number of additions 
and subtractions of fractions ; thus 




3 ' 


Rriiakk. The above Propositions equally apply whether the 
numbers be fractional, or whole, or mixed ; for whole numbers and 
mixed numbers can always be expressed as improper fractions : thus 

3 »!!«Hj 59 +:;)«?■ 359 

and 359;«!»(36 <>-j)>.;-36o*;-;«;. 

Ex. 1. Multiply }'•* by 2 * 1 ; and by 2? of J * . 




1 1 r» 

x uj ?i;>. 
is t* 3# 

J 6 


to 


Ifl 
30 * 


{2) sjxa? of =* I?)- 


(130 Cor.) 


Ex. 2. Multiply 159* by !2 ; and 1727? by 34. 

(1) t> 9 j (i) 1727] 

12 34 34 *J*V"^r 

i 9 > 2 j 6917; 

5181 

In(i) mttltipijrng separately the fractional atul the fttegra! parts (131) 
we say 1 1 tiroes J is ** or 4 J or 4 J . 1 j times 9 is joH and 4 is I tt, See. 

In (3) we say 34 times ] is •• or 9 i ■ then multiplying by 4 we add in p J. 
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3- 7425 * 43 = (75 - £) * 43 - 75 ■ 43 - J5 03* Rt) 
= 3325-1*? 

= 3”3 }{■ 

Ex - 4. 7l2*5j-(»2-6;)*2j + 3l »J 




'■ u 1 *» 8 i yi bJ V 

J. 17,*, by 35] i; 54H l»y 13H; 4 of 41 by »; '9f by of “j< 

g « ft 

3. ^ of 3,' r by j- of 1 5? ; Jt of ft! by 3,*, of 10] \ ; j] by (j] - |) of ? . 

1 3 4.5,; 8 5 f } 3, J 3 l.}J 

*' 3 + 4 * $ *6 * 9’ 6 6 ft 4 4 4 ' ft 4* 

Find ihc continual product of 

, 5 .ft 17. 4J# .«53 ft«ft 

■ ^ h* | j 1 5 ?* ^ 0 'i* 515’ 1 K19 ’ 491’ 

S 687 «;■>>, a», »• <H rf!lrf H . 

319 7l0«t 619 8518 I43 b 

Find the value of 

8. i©A*»t; ifti x n ; jM**} t6i5 T » t xi3; 3589^x47. 

9- (3l+>*t) X tof t 3l + 3{*>*?; -j of Mi- 

lo (ipt-3i)8{3f-»«; ' 9 i 


by ‘ ; 6} by j] i ; 8,\ by 6 i ; 1 5* by 3?. 
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Ex. 17. 

Find the value of r 

11. 

u. Multiply 99H! by : 999 i!U by 999 1 » 479 Ui **d 

repeat the addition 6 times. S« Ex. 3, p. 79. 

13. Multiply 49U by $oft and add 1)1 to the result. 

14. Multiply the sum of ij and i of $ by t$ of the difference of 
tV and b 

13. To the sum of 3J and 4) add the difference between 4} and «| and 
multiply the result by 1 1 ft. 

16. From n,V take the sum of 1$, j) and 4}, and multiply the differ- 
ence by rj of )i of 6J. 

DIVISION'. 

13:. Division is the operation by which, having given the 
product of two numbers and one of the numbers, we find the other 
number. 

The first of these numbers is called the Dividtnd , the second 
the Divisor, and the number to be found the Quotient. 

When the division of one whole number by another is tract, we 
have seen (47) that the above definition is applicable to whole 
numbers ; and when the Division is not tract, as in dividing 29 
by 8, we do not actually divide 29 by 8, but a number under 29 
divisible by 8, namely 24, and the remainder is not operated on 
at all Hence we may say generally, that the above definition is 
applicabledo the Division of whole numbers. 

133. To find thi complete qmhtnt in dividing one tvkole number 
by another. 

When 29 is divided by 8 the quotient must be greater .than 3 
and less than 4 ; that is. there is some number greater than 3 and 
less than 4 which multiplied b/ 8 gives 29 ; and rhfs number we 
call the complete quotient of 29 by 8. 

Now x 8 - 29, therefore the quotient of 29 by 8 ii , or 



»3|; (to*) 
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\ 


hence (108) we have tthis Rule,— Divide in the usual way, and 
to the integral quotient add the fraction whose numerator is the 
remaind>j, and denominator the divisor , 

COR. Since 29+ 8*= we shall use either notation indifferently. 


Ex. Divide 868 by 37. 

37 ) 868(23 


therefore 868- 37=23^. 


1 34. To dividt any number by a fraction 

For example divide J by *. Here we have to find a quotient 
which when multiplied by * shall give the product | ; hence {128) 

y of this quotient is equal to | ; 


therefore i "-5-5 


or to 


4x5 1 


and therefore this quotient •--- x 7 or to ^ ™t ; 

027 ) 

therefore J + 5 - J x *. 

Or wc may proceed thus : 

quotient x £ - * by definition ; 
multiply each term of this equality by ' , 
ihercfdfrc quotient * j[ x # " 4 * a * 

or * x l s quotient « * x [ , ( 130) 

that is quotient ~ J x j| ; 

the same result as before ; that is, to divide a number by ^ we 
multiply the number by £ ; but - is the reciprocal of | ; hence to 
divide a number by a fraction we have this Rule 
Multiply the number by the reciprocal of the Divisor. 

B-S. A. 


6 
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Remark 1. 3 f the Dividend be a whole number, or if Dividend 
or Divisor or both be mixed numbers, we reduce them to improper 
fractions, and then apply the Rule. 

Remark. 2. Before obtaining the final result, we may cancel 
any factors common to numerator and denominator; thus 
3 

1 14 * *7 H't It ** 16" 

■J K 

Cor. To divide by y is to multiply by ][ ; hence, to divide a 
number by a fraction, -HV multiply by the denominator and then 
divide by tkt numerator, or we divide by the numerator and that 
multiply by the denominator (128). 


Ex. 1. Divide 3J by 1 j J ; and 7J by 3,* of 2^ . 

3 8 

1 t = I S . 3R _rx rx_ 21 _ t l3 
^4 ' *18 4 ~ 1 9 4 Mi 14 1 1 4 ’ 

S 7 

(2) 7*4.3 3 of 2 1 -M+Aof tr.« 9 + ar 1 .« K J = ,>. 

w '« J I4 10 8 tt to 8 4 tt tr « 


Ex- 2. Divide 4164^ by 1 1, and by 132. 

tl ] 4164- Dividing by u the integral remainder is 6 and 

. gg the full remainder 6j or ®„ 4 : but ® B + 1 1 is § . 

... * Again, dividing by n the full remainder is 

3l5a >‘+n u >| 

e»- 3 - 

3 4’fi '■3 ft'*ft A*W 6 / 

t a 7 ft 

+ *r x ** 

t t ft 19 71 i ttx 

3 4 * » 

0 24 ft 

^aoq-sft^jo^tes 

34 24 

„ 7 U. 

' S 4 
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Exercise 18. 

i« Fin<I the complete quotient in dividing 5 67 by 13; 8768 by 45; 
8*5M by ii: 6739^8 by 37 and by 73. 

Divide 1 


J «hy ( ; 35 l*y 3i i 


u * 47 . . . 108 130 

..v HlbfjAi , 35 byJ-,. 


7fV ty 5« ; * Of ^ by 3} ; aj by | of 4| ; ^ uf 4 f by 7 T ‘ r . 

3$l ty sf of 3i ; 3? rf*A by 5 t Oi 8? ; 3i of Hy ij*, of - 4 . 

5 '3 

*****'* w K »» 2 - 

! + J + W + s , *M + ; + i ! j l 


8. 1+ + • + - + 4 

3 8 ii '5 
Kind the value of 


10. 6i + {i| + 3iVI*i'6f ; 0» + i& + 3i\-H>i; 


rt MrH- 


- frM-K-i) 1 C^SMa**-®- 

13. Multiply the sum of ’ , il and f by the difference of - and — , and 

3 0 tj 20 

ifldc the product by of iff, 

14. Of the fractions - ( of 2$, -- of 3J, ~ of 4/p djvide the sum of 
the greatest and least by the intermediate one. 

tj. Add | of | to ^ of jf and multiply the result by of + 0, 

16. Divide the sum of t|, jJ and by the sum of 4} and $J, and to the 
quotient add the difference of to^ and 

t;. Divide the sum of ~ and - by 7? and subtract the quotient from ii 
offrjf, 6 9 

18. To the sum of ij and jj add the difference between 4! and 5 and 
multiply the result by the quotient of 7f by 6). 

6—1 
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GREATEST COMMON MEASURE, &c. 

135. We have said (67) that 

The G.C.M. of two or more numbers is the greatest numiier that 
divides each of them exactly ; and 

The L.C.M. of two or more numbers is the least number that can 
be divided by each of them exactly ; 
and these definitions will be applicable when the given numbers are 
fractions, provided that we understand by exactly, that the complete 
quotients must be integers. 

Take any fraction in its lowest terms, as ® , .and suppose it to be 
multiplied by another, fraction so that the product is an integer ; 
then, since 9 is prime to 8, the numerator of this second fraction 
must be divisible by 9, and must therefore be 9 itself or a multiple 
of 9, and the denominator must be 1 or a measure of 8 including 
8 itself ; thus 

h x & . 

5 1 * * 2 ’ 9 ‘i’Y » 

all give integral results. If therefore * is to be divided by a fraction 
and the quotient is to be an integer, its denominator must be 9 or 
a multiple of 9, and its numerator 1 or a measure of 8. 

Let us now take any number of fractions in their lowest terms, 
then any fraction by which wc can divide each of them so that all 
the quotients shall be integers, must be one whose denominator is 
a common multiple of their denominators and whose numerator p 
2 common measure of their numerators; and of all such fractions 
the greatest is the one that has the least denominator and greatest 
numerator: hence 

The C.C Ji, of two or more fractions is a fraction whose denomi- 
nator is the IX. M. of their denominators , and whose nume- 
rator is the G.G.M. of their numerators. 

And in like manner, 

TfoLCU. of two or more fractions is a fraction whose numerator 
is the L.C.M. of (heir numerators, and whose denominator is 
the ox M, of their denominators. 
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§ 1 35 * 

— +. 

Ex. Find the G.c*. SI. and LC. M. of 3$ and 

These fractions are equal lo V and 
and L.d.M. of their denominators is 75 and of their 

numerators is 4 ; 

their aC.M. = ^ 4 . 

Agiin, L.C.M. of their numerators is 48, and G.CH. of their 
denominators is 5 ; 

/. their l. c. M. = — 9|. 


Exercisf. 19. 

Find the G. C. M. and L.CM. of 

(0 b I. h l ( 2 ) Si h I. H- 

(3) l I. I, J. 4) 1*, */„ 3f 

(5) tf. 3tt» «A. 3i m. Uft, *iY 

(7) ■ !*, 2A, 3^, 8||. (8) ifii 3&i ill 7% Sil 

COMPLEX FRACTIONS. 

136. As yet we have (rented of simple fractions only, the main 
propositions of which we have explained and illustrated. We shall 
now treat of complex fractions, and in doing so wc shall make use 
of the following general definition, which has been already shewn 
to hold for simple fractions (103}: 

1 A Fraction express# the quotient of the numerator by the 
denominator. 

With this definition we experience no difficulty in considering 
fractions whose terms are themselves fractions, or mixed numbers, 
or the sum or difference of two fractions or mixed numbers, or 
any arithmetical expression whatever we have as yet become 
acquainted with, 

137. A complex fraction is read by inserting the word by, for 
divided by, between the readings of numerator and denominator, 

iV... 3l >. J .1 -1 
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* 137 - 

In the sttm of a whole number and a fraction, when the fraction 
is complex ns well as simple (io6), the sign is sometimes omitted, 

as in 5~, , which means 5 + ; and in a product wh£n one of 

the factors is enclosed in a bracket the sign is often omitted, as in 


3 (b “ 7 )* “hich means J 


ijS. Complex fractions can always be reduced to simple ones ; 
thus, 



' 3 


139. Complex fractions arc subject to the same rules as simple 
fractions ; thus, 

(l) If U't multiply or divide numerator and denominator of 
a complex fraction by any number, the value of the fraction is 
unalter td ( 109 ;. 

For take any complex fraction and reduce its numerator and 
denominator to simple fractions, and reduce the multiplier also to 
a simple fraction : suppose the numerator to be * , the denominator 
J , and the multiplier | ; then, since !■ * J » t, wc have 


1_ 3 „ S * fi 
1 3 4~3 4 7 

A 


' _? 4 

6~3 7 


(> 3 °) 


B 2 x 8 ftx7 
3*1 4x8 


4x* J x 0 
■iiLmS—i- 
m 1x2 

5*J 6 T 
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and putting now for Numerator, denominator, and multiplier their 
original values, the truth of the proposition is established. 

(2) Again ,— To multiply a complex fraction by any number , we 
may multiply the numerator or divide the denominator by that 
number (tio). 

For, making the same reductions and suppositions as in (1), we 
have 1 

2 2 
i x <i_2 x s x «_,2 n . 5 _ 3 ; 

4 7 3 4 T 3 7 4 4 ' 

ft ft 


and putting for numerator, denominator, and multiplier their 
original values, the truth of the proposition is established. 


In precisely the same way we may shew 
(3} To divide a complex fraction by any number we may divide 
the numerator or multiply the denominator by that number (in). 

{4) If we multiply a complex fraction by its denominator we 
obtain its numerator { 103 Cor. ii). 

(5} If w multiply a complex fraction by its reciprocal the 
product is unity. 

(6} To multiply two or more complex fractions together toe 
Multiply their numerators for the numerator of the product, and 
their denominators for its denominator {127). 

(7) To divide one complex fraction by another we multiply the 
first by the reciprocal of the second (1 34). 

E«... Simplify }}• “ d 

(l) Multiplying numerator and denominator of first fraction by 8, we 

have 
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(*) In the second fraction, the L.C.M. of the denominator* of the 
fractional parts is 12, and multiplying numerator and denominator by ia, 
we have 

SJlii _ to 6- 56 _ 50 _ 25 
3} + 7iV 45+89 ~ 134 ~ 67* 

s >-± r ~ 5 *-l—* 5 >J T . 5 * J r . S ({ l . 

3+ -. J + *V* 3+ * 

J 7 

III III 643 

- -*■ + - - + - + - — + — + ■ 

£ 3 3 4 =34 12 t^ 12 

** * I I I 2 5 2 ” 1 26 QO 70 

-. + •■ + , + • + — + ' • + 

2} 3l 4* 5 7 9 3*5 3*5 3‘5 

13 10s 

12 = *3 X 3*5 

2 $b ti i* 6 
115 4 32 


•(r?-5-S 


607 + 1050-152 Ji# 
- «*8~ * 3°5 

- '5 2 j*: 


Ex. 5. From 17^ subtract the difference of 9} and 4f, and 
divide the remainder by the product of | and 9J. 

Quo,i C nt required -: tZfcMrjfi . !ZA-« t*i 3, 

2*9? $*V 


84 84 84 r „ 63 
325 “ ** 325 

63 

= ,^,« 63 

u 325 *+ 3*5 

5 
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Exercise 20. 

Reduce to simple fractions 

i. ?]. W. ili. si jjofrf 

0 5f 3* «3i"i 5 h ' 8A ’ 1447 *’ 


- of 4 + i of - 


4. 4 „r 5 ... 


'-Jrf* 14 — ~ of - - - of - ^ 

7 11 'i9 "9 5 7 3 5 I+ 3 7 9 


’2 »'V?' 


f+'rt? ^terr; f of« j of 

4 6J Ilf 


I + ix-4-of* 

UL_i 3. 3 |x3I 7 «|k^. l +«l »(,+«*> 4 ix 4 lx 4 t- t 

*x*-i ’ , + 5i x (l+5i>’ 4*»4*-i * 


ij; ?L‘!j| + 5 i + t l l~ »o| . to|+ji{ 7 * ir 
7« “ +1 Of 6 + 4? <Sf-*r ii|4l0j"' to* 9 } X 1 7* 




ij °f — r 3 * x 

9 14 -~ 

3 +* 


5 1 

Ljl 


(hii 


}i + 7 


*7. — i — it 4 2jj. rt + 4i v rt-4 . 

10-“! of< ’ 3l“j'ra 4 H-8ir 


jOrf — 


j + i + l + « 4 of V of3l+,,,,of ' i<,f :' 9 

Find the value of 

r of if of 4 J , , 

9- ? — - . 4 t*#- 46| 

ji+*H +<**-"»• 
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Ex. so. 


3 5 4 “ ,,5 

3 8 i 1 7 i dt 7 , 6 . 

» 8o il 9 3 4* 3i ,1.5 

9 

» d !» '|rf!* + l rf 6 A; * of (3 o( ’V 

5 <6 <>! io ; i! 3 \3 34 - 1 V 


(3iVN?W(>oi-?-7i) of 

.>40 

3Vi-(4?-H 

"■*(*£)• 

-itiil- of' 3 ; 

1 

5 

1 

3 + - , 

8 - — 6 
. j 


14- if + ■' ' t ■ 3f + - “* " ^7 — > *i + 


7 4 

65 + -it - . 


♦M ,+ 9 


8 u-6j 4 


16. Find what fraction Ihe sum of , • . and is of jl of i i of -• . 

»4 y» Ji j 

1 7. Of the fractious , 4? ami express the difference of the first 

33 'V4 

two as a fraction of the difference of (he last two. 

»t * 

18. To the continued |>rmiuel of fij, and «j, add ^ , and divide 
the sum by 9$ of joj of n | 

in. From ~ taVethe sum of - of -j and t of * 4 ^, Ulil divide the 

' i\ i 3t 6 7iV 

result by i||. 

i ixi 

10. Subtract • of , — — + ~ of »■ t ^ ( ? from 101 times the 

3 * 0,338 1 -4 W 

sum of ^ and - of " of . 

10 * 15 30 
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DECIMALS. 

140. In the ordinary system of notation {16) a figure immediately 
to the right of another represents units of an order ten times less 
than that other: thus, if a certain figure in a number represents 
hundreds, the next figure to the right will represent tens, and the 
next simple units; and if by a natural extension of this system we 
agree to carry our orders beyond simple units, the next figure will 
represent tenths, the next hundredths, the next thousandths, &c. 
Hut then the order of some one figure in a number must be pointed 
out, from which wc can derive the orders of all the others ; and 
it has been agreed that the figure to whose right a point (•}, called 
decimal point, is placed shall be the units’ figure, and to dis- 
tinguish it from the sign of Multiplication, it is placed towards 
the top of the figure. Thus, if we wish to represent 25 units, 

3 tenths, 4 hundredths, 7 thousandths, 8 ten-thousandths, we 
write 

25 * 347 *. 

If any of the decimal orders are wanting we supply their places 
by ciphers (16, 2) ; thus 25 units, 4 hundredths and 8 ten-thou- 
sandths is written 

25*0408. 

Lastly, if there be no units, we may suppose a cipher to occupy 
the units’ place ; thus 4 hundredths, 8 ten-thousandths is written 
0 0408 or supply *0408, 

14 1, A number thus expressed, composed of units and decimal 
orders of unity, or of decimal orders of unity only, is called a 
decimal number, or simply a decimal* The part to the left of the 
point is called the integral, and to the right the decimal part of 
the given number. 
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§ 141. 
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(42. Numeration of Decimals. 

Take the decimal 253478. This number represents 25 and 
3 tenths, 4 hundredths, 7 thousandths, and S tcn-thousan.lths : hut 
i of any order is equal to to of the next lower order {140), therefore 
3 tenths and 4. hundredths is 34. hundredths, 

34 hundredths and 7 thousandths is 347 thousandths, 

347 thousandths and S ten-thousandths is 347S ten thousandths, 
and therefore 25*3478 is 25 and 3478 ten-thousandths : 

In 3141592 the last decimal figure 2 represents millionths , 
therefore as before the number is 3 and 141592 millionths : 

In like manner *00036 is 36 hundred-thousandths : 

that is; - If read off the decimal part as an integer annexing 
that decimal order 0/ unity which the last figure represents. 

Remark. In practice, however, we do not annex the decimal 
order, but saying ( decimal ) point read off the figures of the decimal 
separately in order: thus 25*3478 is read 35, point 3, 4, 7, 8; 
3*541592 is read 3, point 1,4, 1, 5, 9, 2;— *00036 is read point 
o, o, 0, 3, 6. Sometimes instead of point, we say decimal or 
decimal point ; but this would require that in every different scale 
we should use a different word ; thus in the scale of 12 wc should 
have to say duodecimal or duodecimal pointy and in the scale of 20 
vigesimal or vigesimal point. 

143. The value of a decimal is not changed by writing ciphers 
to the right oj the last figure. * 

Thus *307 is equal to 30700 for the ciphers written on, do not 
alter the position of the other figures relatively to the decimal 
point, and therefore do not alter their value : and of themselves 
they have no value. * 

Cor. An integer may be efjprcssed as a decimal by writing 
ciphers in the decimal part, thus 307 is equal to 307 000, 

J44, To multiply a decimal by 10, roo, 1000,,., we remove the 
decimal point 1, 2, 3,,,. places to the right ; to dmde a decimal 
by iq, 100, looo,... we remove the decimal point 1, 2, 5, ... places 
to the left 
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J ^4- 

- ' ^ | 

For in removing llfc decimal point one place to the right, the 

value of each of the figures composing the number is increased ten- 
fold, or the number (62) is increased ten-fold, that is, the number 
is multiplied by 10:— and in the same way the rest of the pro- 
position may be proved. 

Ex. 1. 2504089 x 100=2504-089; 25-04089^- too ='2 5 04089. 

Ex. 25*04x10000-250400; 2 5 *04 -f- 10000=002504. 


145. To convert a decimal to a decimal fraction and vice versA. 

(1) Take the decimal 25*3478:— this number represents 25 and 

3 tenths, 4 hundredths, 7 thousandths and 8 ten-thousandths ; 

therefore 3C , 'tt78 = 25+ a +-* r. + — 

J • w > 10 100 1000 toooe 

••jr+Air* 

* toooo mou' 


where the numerator is the given number with the decimal point 
taken away, and the denominator represents the decimal order of 
the last decimal figure and is therefore 1 followed by as many 
ciphers as there are decimal figures : hence we have this Rule : — 

Write dou>n ike given nu taker suppressing the decimal point 
for the numerator) and for the denominator write 1 followed by 
as many ciphers as there are figures in the decimal fart. To 
express the given decimal as a mixed number, apply the Rule to 
th£ decimal part only. 

(2) Conversely. To convert a decimal fraction to a decimal— 
Write down the numerator eitui cut off from its right by the 
decimal point as many figures as there are ciphers in the deno- 
minator, If the number of figures be less than the number of 
ciphers, prefix in the numerator the requisite number of ciphers. 


Ex. 5. Express 206-0875 45 a decimal fraction, and then as a 
vulgar fraction. 

2o6-o87<=ik4MIh-fil«»-}6<87 

0 10000 400 ao ’ 


= 306^- = 206/ ji - 206 

10000 440 


so’ 


or 
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Ex. 6 . 
Ex. 7. 
Ex. 8. 


DECIMALS. 

‘00016= — — 5 . 

J I OOOUO 3500 D 

^ = 67-8934 ; 


9145. 


Exercise 21, 

Express as decimals 

I. Three ami seven tenths. Five and forty-three hundredths. 

а. Four tenths seven hundredths and six thousandths. 

3. Eight tenths five thousandths and three millionths. 

4. Nine hundredths. Seven ten-thousandths. Five millionths- 

5. Twenty-one and four tenths and four hundred-thousandths. 

б. 6$ and 8 hundredths 9 hundred-thousandths and * ten-millionths. 

Read off the following decimals annexing the decimal order of the last 
decimal figure (141}, 

J. 5*37; '00*5 » ’567%; 001405. 

8. 9*87654321 ; 35 '00000456; 65. 

9. Multiply $‘003056 by too, by 10000, and by 10000000. 

to. Multiply ‘01718 by 10, and by idoo; ‘005136 by 100,000,000. 
rr. Divide 73 '56 by to, and by 1000; 37165 by too, and by 10000, 
11. Divide 57314 by 10000000; *i by too; 'cot by 1000. 
Express as decimal fraction*, and then as vulgar fractions in their lowest 

terms 

•3* *‘ 373 ; 37 * 75 : tyo^o<ff). 

t 4 . '0006875; 50096875; ’311464. 

Express as mixed numbers with the fractional prts in their lowest 
terms, 

15. 1^0675; ’3006875. 

16. 89-01 3/071; 1108056640615. 

Express the following decimal fractions as decimals; 

17 . A. f*f*. 1 . **'* 5 . 37 

100 1 1000' to 1 1000' roooo 1 100000' 

,8, 3 <»Soft , 78539 . J 03 <> 4 «>i 

10000000’ .'OOOOOOOC ' 100000 

19. 315 millionths; 4 ten-thousandths; 79 hundred -mil lion t ha. 
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addition and subtraction of decimals. 

146. The Rules for the Addition and Subtraction of Decimals 
proceed on precisely the same principles as the rules for the 
Addition and Subtraction of whole numbers, and may be enunciated 
in the same words. But in Decimals, we conveniently provide 
that urjjts of the same order may be in the same vertical column 
(24, 1) by placing the decimal points of the given numbers under 
one another ; and then the decimal point of the sum or difference 
will be under the other decimal points. 

Remark. In the Minuend wc may if necessary suppose ciphers 
to be written to the ri^ht of the last decimal figure (143}. 

Ex, 1. Find the sum of 3*141 5926 ; 271828 ; *434294 and 144. 

Ex. 2. From 35 006 subtract 067835. 

Ex. 3. Find the complement (32) of *4771213. 

(l) 3*1415926 (2) 3S'oo6ooo (3) r 

271828 067835 *4771213 

■434294 34*938165 *5228787 

144 * 

150*2941666 

In Ex. 1 we have supposed the vacant decimal places in the second, 
third, and fourth numbers to he occupied by ciphers; in Ex. 2 we have 
placed ciphers in the Minuend, but in Ex. 3 wc have supposed them to be 
placed there. 

j 47. The Propositions relating to expressions made up of ad- 
ditions and subtractions, which have been shewn to hold for 
integers (56—59) and for fractions ( 1 24, 1 25), also hold for decimals. 
For the decimals in any such expressions may be replaced by their 
equivalent decimal fractions, these may be subjected to the required 
operations, and then reconverted to the original decimals. 

Exercise 22. 

Add together 

»• 47*6054; 675a; *0543; 75*571 and -987654. 

2. ‘t; *00095; 84*0563; 7*3 and 345 6543a. 

3- 573*45 » *00874* i 0*06406$; 47*83504 and 961. 

4. 37*045; 63; *0098; 8-6943; 617-141 and -of. 
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5. Subtract 813436 from 37*11; -987604 frcAn 7*0113. 

6. Subtract ‘99999 frum 91 36 00051 from +5. 

Vi rid the value of 

7> 3‘s84 + 387-6 -i- 5894003 + -00397 + 8-889. 

8. 8939 + 8939 + 89*39 + *939 + 0008939 + 893-9. 

9- 3^*73 ~ 5'S94 J 56 - *07359 ; ‘ooi '*00001. 

to- 5*0009 - 089898; 0*4763 - *387387. 

r i. **654317 - *3793°^ + STO 6 # " *«>999 ; *345- 

tl. 16*945- 1*994387 - *06735 - 0007 + *953 +0 8. 

13. Find the sum of 17 tenths, 345 hundredths, 17 thousandths and 
4156 millionths. 

14. Express as decimals 34; ten-thousandths and 3+7 millionths, and 
subtract the latter from the former. 

15. Kind the complement of *7781513; *954)435; -000356; 97-654313; 
and 998-899. 

16. Whether is 3*14(5916535 more accurately represented by 3141 5916 
or 3*1415917, and why? 

MULTIPLICATION' OF DECIMALS, 

14& Take any two decimals and replace them by their equi- 
valent decimal fractions; their numerators are the given numbers 
with their decimal points suppressed and their denominators are 
respectively r followed by as many ciphers as there are decimal 
places in the given numbers (141}. The product of these decimal 
fractions is a decimal fraction whose numerator is the product pf 
their numerators and whose denominator is I followed by as many 
ciphers as there are ciphers in the two denominators together (42) : 
and this result becomes a decimal by cutting off from the right of 
the numerator as many decimal places as there are ciphers in the 
denominator, that is, as there are decimal places in the two given 
numbers (145, 2). Hence we have this Rule : 

Multiply the given numbers as if they were integers, and cut off 
from the product as many decimal places as there are in the two 
%iven numbers together .» N.B. If the number of figures in the 
product is less than the number* of figures to be cut off, first prefix* 
the requisite number of cipher* (14;, 2). 
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Ex. Multiply 25 347 by 2 69 j and 75 by '00008. 

(0 25-347 W 75 

2‘69 00008 

228123 ‘oo6oo®'co6, (143) 

152082 
Jo694_ 

68*18343 

In Er» i, the number of decimal places in Multiplicand and Multiplier 
is 3 ami 1 respectively, therefore the number in the product is 3 +1 or 5. 

In Kx. l, multiplying by 8 we get 6oo, but as there must be $ decimal 
places in the Product we first prefix two ciphers, and the product becomes 
■00600 or -006. 

149, The Propositions relating to Multiplication which have 
been shewn to hold for integers {60-63}, an ^ lor fractions (130), also 
hold for decimals. Sec Art. 147. 

DIVISION OF DECIMALS. 

150. In multiplying two decimals we proceed as if they were 
integers, and cut off In the product as many decimal places as there 
are in the tw'O numbers {148): hence, conversely, having given the 
product of two decimals, and one of these decimals, we find the other 
by dividing as if they were integers, and cutting off in the quotient 
as many decimal places as the number in the product exceeds the 
number in the divisor ; or, using the terms of Division, we have 
this Rule : 

Divide, as if Dividend and Divisor were integers, and cut off in 
the Quotient as many decimal places as the. number in the Dividend 
exceeds the number in the Divisor. N.B.— If necessary, write 
ciphers to the right of the Dividend, so that the number of its 
decimal places shall be equal to the number in the Divisor, and be 
careful to bring down all these ciphers in the division. Also, if the 
number of figures in the Quotient be less than the number of places 
to be cut off, we must first prefix the requisite number of ciphers. 

Cor. If the decimal points be equally removed in Dividend and 
Divisor, the Decimal point in the Quotient will be unaltered ; that 
is, the quotient will be unaltered. We can therefore always 

7 


&*S. A. 
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arrange that the Divisor shall be a whole number, and then division 
of decimals proceeds on the same principles as division of whole 
numbers ; and in short division of decimals we shall find it con- 
venient to adopt this method. 

Remark. The above Rule with its corollary, like the Rule in 
Multiplication, may be established by replacing Dividend and 
Divisor by their equivalent decimal fractions. 

Ex. 1. Divide '003456 by rt, and 2678508 by '072. 

(1) n)*oy;6 {2) 48)26785*08 

*003 1 4 i S 72 I 9 ). 334 S i 35 . 

372015 

In ft) we remove the decimal point 1 place to the right in Dividend 
and Divisor (150, Cor.), anil in (1) 3 places to the right, so that the 
Divisors become 1 1 ami 72 respectively ; ami then we proceed precisely as 
in integers. 

Ex. 2. Divide 31415926535 by 987 543. 

987 543) 31415926535 (-003181221 
1789636 
8020935 
J 205913 
2183705 
2086190 
1 1 l 1040 
123497 

Here there are to places of decimals in the Dividend, and we have 
brought down a ciphers giving 12, and there are } in the Divisor, therefore 
there must be 12-3 or 9 in the Quotient, and therefore we must prefix 
two ciphers (00) before writing the decimal point. 

Exercise 23. 

Multiply 

1 35-603 by 47*61 } 441619 by 5475 ' 0759 by J‘«6- 

7. 01383 by 61*37; 13-676 by '00048; -0104 by 40*4. 

*3. -346875 by -t 19808; -or 5615 by 0064} '0701 by 700-01. 

4/ 1*13 by "ooi 1 ; '007853 by *00476; *57689 by |»j». 

5, 4 03741 by '01107; 49000 by *oi ; 56*875 by *0144. 
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6. 315 tenths by $47 millionths; 128 thousandths by 78125 ten- 
millionths. 


Find th<\ value of 

7. (37*1 - 1908) x 793; 371-1908x703; ( 05)* 00015. 

8. *4 *'05**oa6x 0007x800000; ’845 x *0017 x 7*4* *09 x roooo. 

Divide 

1 

9. 'i by 'Oi ; *01001 by *ooi ; 92*;by , o6; 99 by ’0009. 

10. 1422*3 by 'on ; -90804 by 1*2; 4-068 by *oo 1 8. 

ti. *0007672 by *00056; 08748 by 10*8; 418*25 by *128. 

11. 879462 by 084; *376809 by *132; 3*14159 by 14*4. 

13. 000144 by *on; 1*0665 by 00135; 345 6 by 3*78. 

14. 8886*66 by *00037 : 1 +5 81 7 by *0563; 1 1 14*869145005 by *385. 

15. 7006*652 by 12*34; *2119904 by *3854; 1065*855558 by 7695708. 

16. 0003738018 by *0476; *0064096 by 2 003 ; *014904 by 3 g\. 

*i- ‘113419596 by -oiocuoj; (6*25)* by (025)*; 001 by -loot. 

18. Express 1 and ta hundredths, and 74 ten-thousandths, as decimals, 
and find the quotient of the first by the second. 


Find, to the number of places of decimals indicated, the value of 
19- *$65439*+ 359*21 t° 5 places; 5 4- 76 91341 to 6 places. 

10. *046^-'oo76jo 89 to 4 places; *32165-7- 0035216 to 3 places, 

it. 4 00654-^329*265 to 7 places; 314159*26-1- 008597 to 4 places. 
12. *©1385x6137+1*77; 38j3336-:-(8-99 x 20-8). 

’3* ’399 * '007 + 000019; {2*05)* x 2*14^* ‘0041. 

**. 15 8401 + 3*689-4- 672*4 4o 6 places ; 206*59-7-1871 x*ooi ^places. 
c . 0075x2*1 4*25; x -0064 5! , 21*25 

0175 *00032 74 046875 

26. Add togelha 1*465, 0095, 37*15, 28*457 and 16*1685, and divide 
the sum by *0196. 

27. Find the sum, difference, product and two quotients of 30*33 and 
*0337; and find the sum of all the results. 

^28. Simplify x , and divide the result by *ooi 25. 

29. Express as mixed numbers 999!} x 2*3 and joooo*»Vs * -5909- 

30. Express 4378 thousandths and 397 millionths as decimals, and find . 
the quotient of the first by the second to 5 places of decimals. 


7-2 
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CONTRACTED ADDITION' AND SUBTRACTION. 

151. Sometimes there .ire a great number of figures in the 
decimal parts of the numbers to be added together, and yet we 
only wish their sum to be accurate witlua a certain limit, as, for 
instance, a thousandth. But as thousandths occupy the third 
place of decimals, we require that the sum should l)e cornet to the 
third place, and if we neglect all the remaining figures in it, the 
error will not amount to one thousandth. We therefore proceed 
thus: write down each number as far as 3 places of decimals, and 
then 1 or 2 places more to be sure that in making the addition we 
arc currying the correct figure to the third place, and then proceed 
in the usual way. The same remarks are applicable to Subtraction. 

Ex. (1}. Find the sum of 314159265, 27759789, 54' 5678678 and 
543777777 correct to 2 places of decimals. {2) Find within one 
ten thousandth the difference between 5 2 34563456 and 7*6666666. 

(0 3H 15 {2) 52345634 

277897 766666 

54‘5^ 78 446789 

34377^77 
629*27 

CONTRACTED M IT ,T I VI. I CATION'. 

152. In multiplying two numbers we may begin with the left- 
hand figure of the Multiplier, provided wc place each succeeding 
partial product one place farther to the right than the preceding 
one : and adopting this method we shall find it convenient to write 
the figures of the Multiplier in the reverse order. Thus, if it be 
required to multiply 32 52678 by 95734, the work will stand as at 


(a): 

32*52678 32-52678 3259678 

43759 43759 4 3759 

293741012 29274102 2927410 

(a) 16263390 (fi) 16263390 (c) 162634 

22768 746 22768 746 22768* 

975 8°34 973 8034 97& 

13 010712 13010712 130 

pl&i 1 7565* 3 1 1.19 *8 7565*2 31 13918 
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, 

Now if we wish to retain (for example) only two places of decimals 

in the product, we must dispense with, as far as possible, all the 
work to the right of the vertical line at (a). But the figures in the 
column to the left of this line o, 3, 8, 5, o are respectively the units’ 
figures of the products of 9 in the Multiplier and 7 in the Multipli- 
cand (with 7 carried), of 5 in the Multiplier and 6 in the Multipli- 
cand (wfth 3 carried), See. : hence, if we remove all the figures of 
the Multiplier one place farther to the left, these products will be 
formed by the figures of the Multiplier and the figures of the 
Multiplicand immediately above them (as at it) : an arrangement 
which secures that the units' figure of the Multiplier shall he under 
the second place of decimals in the Multiplicand. But, again, in 
dispensing with all the work to the right of this vertical line, we 
lose the figure earned in finding the sum of the first column on the 
left ; to compensate for this loss, instead of earning to the first 
figure of each partial product the preceding tens’ figure, we carry 
the nearest ten: thus, for any number from 5 to 14 we carry 1, 
from 15 to 24 we carry 2, from 2$ to 34 wc carry 3, &e. Thus, in 
multiplying by 5 < at (.:) wc say 5 times 6 is 30 and 4 carried is 34 ; 
where the 4 carried is from £ limes 7, or 35 : and in multiplying by 
3 we say 3 times $ is 15 and 1 carried (from 6) is 16. 

We have then the following Rule : — 

Count off from the decimal part in (he Multiplicand <ir many 
figures as we are required to retain decimal places in the Product; 
un d(r the last of these figures place the units' figure of the Multi- 
plier, writing its other figures in a reverse order : and if any 
figure of the Multiplier heu not a figure above it in the Multipli- 
cand place a cipher there. 

Begin the multiplication with the right-hand figure of the Multi- 
plier and multiply in succession by each of the others, setting down 
in the product from the figure above the one we are multiplying by, 
but carrying to it the nearest ten from its product with ike pre- 
ceding figure. 

Place the first figure of all these partial products in the same 
vertical line; add , and cut off from the result the required number 
of decimal places. 
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Remark, The hist figure in ihc product* may not be quite cor- 
rect, but to ensure its accuracy we must carry the process one 
place farther than is required to he retained. 

Ex. Multiply 43429448 by '6931472 so ns to retain 7 places of 
decimals; and 5947*183 by 093187 so as to retain 4 places of 
decimals. 


■4342944 s 

5947*1836 

27413960 

7»1 3900 

2605766 

535^5 

390865 

178415 

13029 

5947 

434 

475 s 

174 

416 

30 

5542001 

•3010299 



CONTRACTED DIVISION. 

153. The following Rule far Contracted Division requires no 
explanation beyond what has been given in Contracted Multiplica- 
tion, or will be afforded in the Examples given below. 

Determine first of all— by inspection, or by an equal removal of the 
decimal points in the Dividend and Divisor (1 50, Cor.), or by taking 
one step in the ordinary way the highest order of units in (fit 
Quotient, and then the number of figures in the Quotient; from the 
left of the Divisor cut off one more than this number of figures, and 
strike out the rest. Proceed one step with this new divisor^ but in 
multiplying its first figure by the quotient figure , carry the nearest 
ten from the preceding figure. Instead of bringing down a figure 
to the remainder , strike off another figure from the Divisor , and 
proceed as before , 

If the number of figures in the Divisor be less than the number of 
figures to be cut off, proceed in the ordinary way until the number 
of figures sttil to be found is one less than the number of figures in 
the Divisor , and then apply the Rule. 

Ex. 1.* Divide 496*94325 by ’17614352 so as to retain integers 
only in the quotient 
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1 7^4353 >4969432 5 \ 2821 Now 406 divided by *17 or 4969 di- 

14465 viJed by 1*7 gives thousands, therefore 

374 there must be 4 figures in the Quotient: 

22 retain 5 figures in the Divisor and strike 

4 out the rest. 

Ex. 2. Divide 549532676 by 9*312167 so as to retain 5 places of 
decimals in the Quotient. 

* The highest order of units in the 

Quotient is manifestly hundredths; 
93 M> 6 ? ) 5495 32 M (*05901 therefore there must be 4 significant 
^ 39-4 figures in the Quotient, and the first 

'jj must be 01 hence we cut off 5 figures 

to the left of the Divisor and strike 
out the rest. 


Ex- 3. Divide 578564327 by *8345 so as to retain 5 places of 


decimals in the Quotient. 

8 . 3 4 . 5 ) 578564327 ( 6*93306 
77864 
27593 

2558 

54 


The first figure of the Quotient will 
represent simple units, therefore there 
must be 6 figures in all; hut as there are 
only 4 figures in the Divisor, we roust 
take 3 steps in the usual way and then 


apply the Rule. 


Exkrcise 24. 

t. Find within a hundredth, the sum of *7 035035, 3*7676, *596596 

and 00345; and the difference of 315*85;! 41 and 47*95037}. 

I. Find within a thousandth, the sum of *0795, 617*34833, 08391 and 
55^808080 ; and the difference of 3*183546 and *93681. 

3. Find correct to five place* of decimals the sum of *385385, 19*777*77, 
*0} and 67897897 ; and the difference of 13*34534534 and 7 8888888. 

4. Multiply 37576843 by 3*14159, retaining 4 places of decimals, 
j. Multiply 65 00763 by *9876, retaining 5 places of decimals. 

6. Multiply 583-16784 by *00985, retaining 1 places of decimals. 

7. Multiply 678*3089 by 45*657, retaining integers only. 

8. Multiply *86858896 by 1*0986123, retaining 5 places of decimals, 

9. Multiply *0008117 by 483*1716, retaining 6 places of decimals, 
to. Divide 3*89*436 by 165*5984 so as to retain 1 places of decimals. 

It. Divide 742*876315 by 4967*358 so os to retain 4 places of decimals. 

II. Divide 59*3264 by *09352 so as to retain 1 place of decimals. 
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13. Divide ^-399267 by '6574 so is lo retain 6* places of decimals. 

14. Divide 1 by so as to retain 5 places of decimals. 

1 5. Divide 1 (>‘926954 by - 3 >4 ; 80S034 so as to retain 3 places of decimals. 

16. Find, in each case within a millionth, the reciprocals of 3-3035851 
and 5'*+»5936 < 535. 

Find, to the number of places of decimals indicated, the value of 

17. rqjofijj*, rojohjj 1 , roiodjj*; in each case to 4 places. 

18. 1*0375* *od 987-623 * t"037j 4 to 5 places of decimals. 

29. 10425* and 357‘6 v [’0415* to 4 places of decimals. 

i ; in each case to 5 places. 


•o+5 


'•o+5 


045 


1045*1 1 


REDUCTION OF FRACTIONS TO DECIMALS. KECK ATI NO UKCIMAI-S. 


154. To reduce a vulgar fraction to its equivalent decimal frac- 
tion, we find bow often the denominator is contained in some 
power of 10, and we multiply numerator and denominator by the 

quotient: thus, if we take the fraction the multiplying factor is 

i0 ^ " , and therefore 
16 

too... 500... 

? ^ * *6 *6 
|6~ 100... ~ 100... * 


Hut we have still to find what power of to must be taken, or, which 
is the same thing, how many ciphers must be annexed to the 
numerator 5 ; and this is found by actual division, thus : 


16) 50000 
3125 


where we see that the division terminates on bringing down 4 
ciphers; therefore 


.5 __3L?5 
16 10000 


*31251 


hence, to reduce a vulgar fraction to a decimal wc have this Rule 
Write denim the numerator , annexing ciphers , divide by the tie- 
nominator, and cut ojf as many decimal places in the quotient as we 
have brought down ciphers . 
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COR* Again, a fraction represents the quotient of the numerator 
by the denominator (103), and by division of decimals we can 
express this quotient as a decimal. A comparison of the two pro- 
cesses will shew that they are in reality identical. 

155. But it will often happen that however many ciphers we 
may bring down the division will not terminate, and consequently 
that tlte given fraction cannot be expressed exactly as a decimal. 
Take any fraction in its lowest terms, as ~ , then the numerator 
of the equivalent decimal fraction is 

500.,. 5xjoo... 

• or - — ; 

12 12 

and, as 12 is prime to 5 (68), this result can only he an integer if 
100... is divisible by 12 (75), that is, if some power of 10 be divisi- 
ble by the given denominator. But 10 is the product of 2 and 5, 
therefore the second power of 10 is the product of two 2s and 
two 5s, the third power of three 2s and three 5s,... hence, if the 
prime factors of the denominator be 2 and 5 only, however often 
they may be repeated, there is always a power of 10 that can be 
divided by that denominator. But if the denominator contain any 
other prime factor than 2 or 5, this factor will be prime to to, and 
therefore to every power of 10 (95), and consequently however far 
we carry on the division it will never terminate. We conclude 
then that 

If the denominator of the given vulgar fraction (in its lowest 
terms ) he composed of the prim factors 2 and 5 only, the fraction 
can he expressed as an exact or terminating decimal; otherwise, it 
can not. 

156. But though a given vulgar fraction may not be capable of 
being expressed as a decimal exactly, yet it can be expressed to 
any degree of accuracy we please. Take the fraction j* ; 

11 ) 30000000 
■2727272 

and we see that is greater than ’2 but less than ’3; is greater 
than ‘27 hut less than ’28 ; is greater than ’272 but less than '273;... 
that is, if the decimals 

*2; '27; *273; ‘2737; '27272;... 
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be taken to represent ^ , the errors are respectively less than 

1 j i_ 1 1 t 

io’ joJ* looo ’ ioouo' 100, boo*'" 

and thus by taking a proper number of figures in the decimal part, 

we can represent to any required degree of accuracy. 


157. In non terminating decimals the figures of the quotient 
must recur. 

Take the fraction 5 : to convert it to a decimal we annex ciphers 
to 4 and divide by 7. Since the division docs not terminate, we 
cannot have the remainder 0, and the only other remainders that 
can arise are I, 2, 3, 4, 5 and 6, and consequently after 6 steps at 
most we must come to the proposed numerator or to a remainder 
that has occurred before, and therefore from that point wc must 
have a recurrence of the remainders, and therefore of the quotient 
figures. 


138. (l) When, starting from a certain point in the decimal 
part of a number, the figures repeat themselves indefinitely and in 
the same order, the number is said to be a repeating, recurring or 
circulating decimal. 

(2) When the recurrence takes place from the first figure of the 
decimal part, the number is a pure repeating decimal ; otherwise 
it is a mixed repeating decimal: thus ‘272727... is a pun, and 
25*34567567.,. is a mixed repeating decimal. 

(3) The whole body of figures which constantly repeat thert- 
selves in the same order is called the period. 

(4) In writing a repeating decimal we usually stop at the end 
of the first period and place dots over its first and last figure. 
Thus ’272727... is written '27 ; and 25 34567567. . - is written 
25'34567. 

(5) The period may be supposed to begin at any point we 
please after the first repeating figure : thus, 25'34$67567... may be 
written 25-34567 or 25 345675 or 25-3456756 or ... . 

(6) Sometimes the period is made to commence in the integral 
part, as in 765*34, which is the same as 765 345 or 765*3453 or 



§ 158 . VULGAR FRACTIONS TO DECIMAIS. 107 

--- 1 -- - 

(7) In. converting a fraction to a repeating decimal we may 
often shorten the work by expressing the remainder at some step 
as a fraction ; thus 

M2$, J “'857^ and -42857} =-42857. 

(8) In converting | } the remainders in order are 3, 2, 6, 4, 5, 1 : 
t her e'er e starting from the second figure we get the decimal for 

from the third figure for and so on : thus 

’42857=; , 4 2 857* = ?, ‘28574=®, &c. 

159. To convert a repealing decimal to a vulgar fraction. 

(1) Let the repeating decimal 1 ye pure. It is seen at sight that 
4 as,|, l- l 99~ 010, ~> rU-wooi..., -^= oootoooi...,&c.; 
therefore 2 = ‘222. . . * 2 x • 1 n . . . - 2 x * = * , 

•23= 2823.. 3.2 3 x- 010I... = 23X § ^||; 

•334 = 234234 . • • = 234 * 'ooiooi ... = 234 x rfj =m, 

*2345 «*23452345 . . = 2345 x -oooioooi .. . = {}■${. &c. ; 

that is , — We write down the period for the numerator , and for the 
denominator as many 91' as there are figures in the period. 

(2) Let the repeating decimal be mixed: as for example, -23548. 
Remove the decimal point so as to be before the first figure of the 
period, as 23-548 ; then 


23'54»=J3it| 

(*59, 0 

ssxwtm 

m 

( 107 , 2 } 

S3(1006-ll+54S_ MOM-M+Mt 
»ua 990 

( 63 , 1 Cor.) 

83S4S-83 . 

099 * 

(59) ■ 


divide each of these equal quantities by 100 and we get (144) 
^354°- W oo * 

and, as the same method may be pursued with every other mixed 
repeating decimal, we have this Rule 
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For Ike numerator take the difference between (he given decimal 
and the non-repeating part, both considered as integers; and for 
the denominator write down nr many 91 ns there are figures in the 
period followed by <u many os <ii there arc non-repeating figures in 
the decimal part, 

COR. Since '9 = 8 = 1, it follows that 09 -1 and 009-01; and 
there fore 27'9=28, 27*39=27-4, 27*6349 27*635, &c. 

Es. 1. Can be expressed as a terminating decimal? 

Yes : for iijqs) . j 1 a«J involves factors of 1 and 5 only (15}). 

Ex. 2. Can *yjj- be expressed as a finite decimal? 

No: for j;6- t * . y and involves other factors than 1 and 5. 

Ex. 3. Express £ » - fl j and as decimals. 

(0 8 Li 00 ? ( 2 ) 5 W . (3) 8)17 

•623 Si 18 40 * 2*125 

~ lf> " oS 3 ii$ 

In Ex. t wc annexed ciphers to the numerator ; in Kx. 1 we supposed 
them to be annexed ; and in Ex. 3 wc proceeded as in division uf decimals. 
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Exercise 25. 

Express the following vulgar fractions as decimals : 

, 1 t *L 13 *7 91 «oi 97 

S’ 115' 16* Koo* 31' 62 j’ 118 ‘ 

, *75 347 347 ^' > 0*5 345^7 

12500’ 256* af6oo’ 15615* 1024’ 20480 

*3* JPL ,s I 1?7 3-9*7 }, i 5 •<?. 7. 8 i 
3 ‘ » , .j 4 ' 1* . g* * 1.4.8.16* >.*.3.4*5*' 

Express as decimals and find the sum of 


* •>*' '*• ** >' ,«• p I* ■«*!* r *» 

6- »7iV. *5i* >3}*t* aiw ^ 30 r?’oW 


7. Express as decimals and find the difference of 

s86 . k 11 , 1 sooi 

> ami - ' ; -• ami -'•>•• . 

615 i6 31 15615 

Find a decimal which shall not differ from 


8. $ by a ten* thousandth; 1 1| by a thousandth. 


’ by a millionth ; 


liv a hundred-millionth. 

17x31 


10. Find the difference between }{* and 3' 141 59163 to 6 places of 
decimals. 

1 1 . Which of the following fractions can he expressed as finite decimals? 

>9 85 79 91 167 511 231 

64' 193’ 405' «6o’ 6*5 * 875* a»8 ’ 


t j. Write down those numliers between t and 10, of which if any one 
l*e the denominator of a fraction in its lowest terms, that fraction can be 
converted into a terminating decimal. 

Express the following vulgar fractions as repeating decimals: 


> 3 - 

5 11 
3 " 9 

. 3 t*. 

209 

451' 

>03 

iSo‘ 

• 4 - 

343 

375 ’ 

it 

it * 

9 H. 

4 »> 

35 * ‘ 

■ 5 - 

i8 iVi- 

J 

396’ 

1L+ 
37 ’ 

*33 

185' 

16. 

809 

396* 

5 iVt 

506 
’ 505* 

615 

576 ' 

> 7 . 

_997 
‘ 375 * 

3 rWr. 

189 

9 * 5 ’ 

907 . 
1010' 

iS. 

80 

4 >’ 

200 
ay 1 * 

415 

3 * 8 ’ 

ill 

1084 ' 

19. 

5 97 
?' '3 

, 

8 

6? 

7 iYp 

10. 

7*5 
5 * ’ 

>35 

>43 

1000 

4 °r 

313 
’ 4 *^* 

31 . 

354 * 

661 

53 >o» 

11. 

7614 

10000 16 J7 

1015’ 

718’ i 

159* 1001' 

43*9 

5391 V 

7 19 
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REPEATING DECIMALS. 


Ex, 15. 


Convert the following repeating decimals to vulgar fractions in their 
lowest terms : 


* 3 - 


■}*, •*!*, 

6-961. 

u - 


378048, 5-55356. 

)(. 

•JtmA 

-620168, * 


16. 

■o$. 5 

•081, 

' 0049 $, 3 * 545 - 

* 7 ’ 

*01 13d, * 

oofi $, 41* 

108.1;. 

18. 


g, 4 J 

ti/, ’15462$. 

59 ' 

37-4018$, 

7 * 4347 . 

036135. 

jo- 

3‘ 864361 8, 

5789306. 

V - 

1-619047, 

[8-761195 

1. 

31 - 

•00849; 

NJJ, 

« 394 * 3 * 7 fy 


ADDITION AND SUBTRACTION OK KKPEATINO DECIMALS. 

160, The sum of two or more repenting decimals may be found 
to a limited degree of accuracy by the method pointed out in 

Art. 145. 

If we wish to find the sum exactly, we must bear in mind that 
after a decimal has begun to repeat, the repetition may be sup* 
posed to begin at any subsequent figure (158. j\ and that a period 
of 2 figures is the same as one of 4, 6, 8,... figures, thus '27 is the 
same as 2727, ‘272727..., that a period of 3 figures is the same 
as one of 6, 9, 12... figures, &c.: hence, if several decimals have 
to be added, and one period consists of 2 figures, another of 3 
figures, and another of 4 figures, we may consider each of them to 
consist of a period of 13 figures, where 12 is the LC.M. of 2, 3, 
and 4; and as the whole body of figures within these 12 places 
will constantly be repeated, their sum will be constantly repeat c^. 
We have then this Rule 

Extend each decimal as far as the farthest non-repeating figure 
in any of them : find the LCM. pf the number of figures in tack 
period , and extend each repeating decimal so many places further , 
and one or two places more to make sure we are carrying the cor- 
rect figure to the last place of the second extension : add in the usual 
way, then in the sum the first extension will give the mu-repeating 
part, and the second the repeating part , 

If in this Rule we write subtract for add and remainder for sum, 
we shall have the Rule for the Subtraction of Repeating Decimals. 
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Ex. r. Find the sum of 31416, 8*25i4zS57, ’034, 23*25763$ and 
5 45627 ; (l) correct within one ten-thousandth, {2) quite correctly. 


(1) J 1416 . 

8-251428 
'0344 44 
23*257635 
5‘4562 72 


(2) 3*1416] 

8*25 14-2857 14128 
*° 344 ■ 444444*44 
2 3 ' 2 57 ^ 356356^35 
5 4562 727272I72 


40-1413 


401413813787 


Ex. 2. Find the difference between 27 035471 and 5*98765 
(1) correct to one millionth, and (2) absolutely correct. 


(l) 27*035471171 
5Q876 57I65 
21-047814 


(2) 27-0354:717171171 

5 *9876! 5765 76 j ;7 
21*0478 140595 


MULTIPLICATION AND DIVISION OK REPEATING DECIMALS. 

161. If the Multiplicand be a repeating decimal, and the 
Multiplier an integer or finite decimal, the Product will be a re- 
peating decimal of the same kind as the Multiplicand, but will 
sometimes admit of simplification. To form the Product we pro- 
ceed in the usual way, carrying out the work one or two places 
beyond the period, to make sure that the figures carried arc always 
correct. 


37 ’ 83459 « 

37-8236^ 

or 37824 

37*6285714,85 

1 7 

1 1 

1 1 

7 

26484216 

416*0599 

= 41606 

263 3999999 =2634. 


37*83459 


3783459 


537 


537 

(A) 

26484216 

(B> 

26484I216I21 

11350378 


11350378378 


19917297 


199172972972 


21317*17759! 

In the last Ex* preceding, as at {k\ we see that the periods in the 
partial dividends are 116, 3-8 and 297; if therefore we draw or suppose to 
be drawn vertical lines under the period of the Multiplicand and extend 
the above periods we obtain the product required, as at fa). 
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Remark. If the Multiplier had been 537 or 5*37 or *537,... 
the only difference would have been in placing the decimal point 
in the Product. 

162. The Product or Quotient nf two repeating decimals may 
be found— 

(1) to a limited degree of accuracy by contracted Multiplication 
or Division of decimals (152, 153); and 

(2) exactly, by converting them into fractions, performing the 
required operation, and reducing the resulting fraction to a 
decimal 




Ex. 16. REPEATING DECIMALS. II 3 

* , 

Exercise z 6 . 

Find the sum of 

'■ 6J, ,a6*43 and 375 * 3 + 3 ; ' 7 S 43 > 12 * 47 ^ and ‘063!. 

I. 43*076, 191+j and 31*365 ; 361 5 1 428 5? and 63 74S5714J. 

3. 47-64133, 9-464163?, 5-4913, 1-49$ and '603306. 

4- 3'8o?i 6764351 8*5486, -0037, ‘6571416 and 87 989. 

Find tj;c difference between 

5. ’338 and 31ft; 45-4? and 16*8578; 753-671^ and 19.004159. 

6- 17*373^14-5?; 673439 and 3-0726; -?«4»8j and -001136. 

7. Find the complement of -04563 ; -0789; 25-6410376. 

Multiply 

8. -3764! by 9; -376411711; -37641^37; 2-3857141 by 5-6. 

9- *43«443l& by 88 ; 3-54468 by 1 44; ’635427 by 13*1. 

to. 17-38443 by 2675 • 7853981 by 34J" ; 9-385678? by 7-659. 

j 1. Divide 3 '457934 by 8 ; 37 -6358+1 by ; ; 8 9854 by j 2. 

II. Divide 235-47 by » 4 x K ; 539*63+36 by in. 

Find the value of 


13. 4-8 x J4; rtflK -338461; 43-191x6-24; 6-36x-$7i4»8. 

14. 7-8571+2 x 4 -6; -27x4-96; 7-63x8-83; 1974x29*4$. 

15. 22-91? x -569; 550*91+3 x 8**4?; ++' 2064$ x 1-582370?. 

t6. -3+-2$; 3* 8+ *'?3i i*0-t*583; 3-6+01?; 60-45+7-38. 

17- 43-191^6-23; btf+'f+fi; ’01*36+031; 28-583+37-11. 

18. 6 '891+15-43; 9S3+3* 2 ®83; 411 -3319+ ig-5$8t; 

77-67017 + 9-486; 14-476196+2-1596. 

19. ~j of 0006 of 7^—^ ; r8j of '934 of -42857I of i'J5. 

?S + t-*5“ J‘125 1+5-4x64 „ , , . 

*» r?s* : .+.•) JTi' r** u -*Kr*>"* 

s 1 -6 of 1 -8j ^ +{ 0^4-036 *03 --63 

6 207-857142 375 of r?* -jjJ 

22. Divide 9-614 by 0000019 “6 || by -0003, and multiply the sum 
of the quotients by 0005. 


Miscellaneous. 

13. Express j (6J + 2?- jj as a decimal, and 7 + ^ of -825 + 4-13 as 
a vulgar fraction. • 

24. Reduce of 2’44 - w) + >000 to a decimal. 


B.-S. A. 


8 
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| * 

)}. Which is the greatest ami which is the least of the expression* 

{«) (*) 'W*‘» ( 3 ) 

16. Find the sum, difference, product am! two quotients of io'oi and 
•0091, and find the sum of the results. 

17. Find within a thousandth iht \*alue of 3^9*26 x 1*0475*. 

18. Arrange in cmler of magnitude : 

(0 (1) 3 +— (3) 3‘*4*59»6- 

74 16 

19. Find the g.c.m. of 1353 6 and 131*48; of 19*75 and nj'91 of 
36*793 and 57*98; ami of 376*103+ and 1081. 

Make the number of decimal pitas in iht two numbers the tame (1+3); 
And their o.c.M. or if they were integers, and tut off that number of decimal 
float in the remit. See Art. 135. 

30. Find to 6 places of decimals the value of 



Express the first term as a dtdmal, a >ui Jem* each term from the preceding 
by dividing try 3, placing the results under one another. 


Ill -+••«+-!+ . + ... 

5 7 1 f 7 4 

hi J x *',- ». + *.•♦ 1 -L& J \ 

w 1 <f r up 1.1 ,0* 1.3.3 ’ 10*1 

Express each term in the bracket separately at a decimal. 

(4) f + -— + — + ! + *~ — + ... 

»•> * - * - J 1 * * • 3 ■ 4 «»* 3 - 4-5 

The second term ss denied from the first by dividing by 1 ; the third frpm 
the second by dividing by 3, &e. 

.,11 I 1 T I I 1 I 

J 5 + i ' S* + S * 3**7 ‘ ? + 9 ’ 

first express as decimals - , \ , ... then write under one another 

5 5 * 5 * 

1 1 I I X ... 

5, J. ? . -■ ,....« u « u . 


(S| 


16 X - 1 


I 1 1 1 4 

3*8 ’ 5'~7 ' »“ 13V 

First express as decimals and add the itl, yd, ilk,... terms within tkt 
bracket, then the and, 4 th, 6 tk,„, terms; find the differ enu, and multiply by 

16 1 «ni from the result subtract ■— expressed at a dteimai 
138 ' 



CHAPTER VII. 

EVOLUTION. 

•t 

163, EVOLUTION is the operation by which we find any root of 
a given number. 

The if} turn root, cube roof, fourth root, fifth root,... of a given 
number is the number whose square, cube, fourth power, fifth 
power,... is equal tu the given number. Thus the square root of 25 
is j, because j 2 is 25 ; the fourth root of 256 is 4, because 4* is 256. 

The root of a number is denoted by writing J {really r) before 
the number, and placing against it a small figure denoting which 
root is to be taken ; thus the square root of 25 is denoted by 25, 
or simply ^25; the cube root of 64 by 4/ 64; the fifth root of 128 
by 4/128. 

SQUARE ROOT. 

164. (1) In multiplying a number by itself we see that its 
square and the square of its units’ figure have the same units' 
figure ; thus 537* has the same units’ figure as 7*. 

Now the squares of the simple numbers 
1 , 2 , 3 , 4 , 5* 6 . 7 , % 9 

|rc respectively 

!, 4. 9, 16, 25, 36, 49, 64, 8 i, 

and if a number ends with o, its square also ends with 0; hence 
the squares of all numbers, integral or decimal, must end with 
either, o, 1, 4, 5, 6, or 9; and therefore it follows that 
A number ending with 1 , 3, 7 or 8 cannot be the square of any 
number, integral or decimal. 

(j) Ifa number ends with r, 2 , 3,... ciphers, its square must end 
with 2, 4, 6,... ciphers {41} : also, if a number does not end with^f 
cipher, its square does not end with a cipher ; therefore * 

A whole number ending with an odd number of ciphers cannot be 
the square of a whole number. 


8-3 
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(3) If a number has 1, 2, 3,..- places of decimals, the last figure 
being significant, its square must have a, 4, 6... places of deci- 
mals (148) ; therefore it follows that 

A decimal '■whose last figure is significant, and which has an 
odd number of decimal places, cannot be the square e>f any number 
integral or decimal. 

165. When the square root of a whole number is not a whole 
number, neither is it a fraction whose numerator and denominator 
are whole numbers. 


For, if possible, let ^53 be 7$ or where ~ is in its lowest 

terms ; then by definition 

67 67 67 s , , 

- x or must be equal to 53; 

but 67 and 9 arc prime to cadi other, therefore Of and f are prime 
to each other (95), and therefore Of is not divisible by 9*, or 
~ is not a whole number. 


166. A number which can neither be expressed (measured) by a 
whole number, nor by a fraction whose numerator and denominator 
are whole numbers, is called an incommensurable or irrational 
number; thus fz, <f 5, ^53 are incommensurable numbers. 

Again, numbers whose square roots can be expressed exactly 
either by a whole number or by a fraction are called perfect 


is j , are perfect squares ; w 

167. The squares of 

1 , 3. 3» 4t 5, 


ihcrcas 53, and 


6, 7, 8, 9, 10, 


are respectively 

1, 4, 9, 16, 25, 36, 49, 64, 8t, too, 
which shews that the square of a number of 1 figure consists of 
either i figure or 2 figures. 

If we affix a cipher (0) to each of the above numbers we must 
affix twq ciphers (00) to their squares ; hence the square of a 
numbs* of 2 figures consists of either % or A futures, 
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S *67- 


1»7 


— 1 J- 

If we affix 2 ciphers (00) to each of the above numbers, we must 
affix 4 ciphers {00 00) to their squares ; hence the square of a 
number of 3 figures consists of either 5 or 6 figures. 

And, in like manner, every additional figure in the number makes 
two additional figures in the square ; hence 
The square of any number consists of twice as many figures, or 
twice to many less 1, as there are in the given number. 


]68. Hence conversely, if the square of a number be given, we 
may suppose its first two figures on the right to correspond with the 
first figure to the right in the number; the next two figures in the 
square with the second figure in the number, and so on ; and the 
last two or last one figure in the square to correspond with the last 
figure in the number Thus wc may mark off the squares 529 and 
459684 in this way, ,5,29 <45^4, 

which shews that the numbers of which these are the squares con- 
sist of 2 and 3 figures respectively. The parts into which these 
numbers are marked off are called periods; thus in 529 the periods 
are 5 and 29 ; ami in 459684 they are 45, 96 and 84. 

It is more usual, however, to place a dot over the units' figure, 
and every alternate figure in the square; hence there will be as 
many dots as there are periods, and each period will consist of the 
figure over which the dot is placed, and the figure to its left , if 
there be one : for example, in 97344 we point thus, 97344 ; so that 
the first period is 9, the second 73, and the third 44. 

1 169. The extraction of the square root of a number depends on 
the following proposition : 

If from the square of a number u>e subtract the square of one 
fart of it, the remainder is a product of two factors : one factor is 
twice that part increased by the other part, and ike other factor 
is the other part . 

Take 57, which is made up of the parts 50 and 7 ; now’ 

57*=($o + 7)x(50+7) 


^50x50+50.7+7.50+7.7 

(62) 

= 50* + 2, 50. 7 + 7.7 

to) 

= 50 *+( 3.50 + 7 )x 7 ; 

(62) 


therefore 57* - 50* = (2, 50+ 7) x 7. 



SQUARE ROOT. 


Cor. When the part whose square is taken away is much 
greater than the other pan, it follows from the above result that 
if we divide the remainder by twice the part whose square # is taken 
away, the quotient will give a near approximation to the part left — 
and of course in excess. 

I/O. To extract the square root of a given HHmber. 

Take 71289, Placing dots over 7128^(200 

the units’ and every alternate figure, , _ 

— ■ '*“'31289 7 


, . . a , ’400 + 60 = 460)31289 

we scethat there are j figures in the 27600 


root, and that the first period is 7 ; 520+7-537) 3689 

and, since 7 lies between 4 and 9, 3^9 

the squares of 2 and 3, the root must 

lie between 200 and 30a Put down 200 as one part of the required 
root, and subtract its square from the given number, leaving 31289. 

Divide the remainder 31289 by 2.200 or 400 ; the quotient is 
greater than 70 but less than 80; therefore the remaming*pan of 
the root is less than 80(169). Let °s try 70; but (400 + 7o)x 70 
or 470.70 or 31900 is greater than 31289; therefore 70 is loo 
great. Let us try 60; now (400+60)* 60 --27600, which is less 
than 31289; therefore the remaining pan of the root lies between 
60 and 70, and the required rant lies between 260 and 270. 

Subtract 460x60 or 27600 from 31289, leaving 3689: but we 
have now subtracted from the given number 

200* +(2 . 200+60} x 60 or 260*, (169) 

we may therefore consider the root as consisting of two parts, otje 
is 260, and the other still to be found is less than 10, 

Divide the remainder 3689 by 2.260 or 520: the quotient is 
greater than 7 but less than 8 ; therefore the other part is less 
than E. Let us try 7 : now (520+ 7) ><75* 3689, and this subtracted 
from the remainder leaves o; therefore 7 is the part required 
exactly, and therefore the root required is 267. 


171. In the preceding example the given number was a perfect 
square, but the method is equally applicable if the number be not 
a perfect square; except that in the latter case the root can be 
found to a limited degree of accuracy only. 
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Find the square rcwt of 57 13. 

5713-0606 ( 70 
4900 5 

140 + 5= [45 ) 813 -5 

7»£ -08 

*S*+’5=i5o*5 ) 88 00 -oo 4 

151 + *08=15108 ) 117500 
110864 

J5i’j6+ ‘004 = 151 ‘164 ) '663600 
604656 

■058944 


i *9 


Pointing the units’ and each alternate figure, we find there are two 
periods, and that the first is 57 ; and since 57 lies between 49 and 64, the 
root lies between 70 and 80; therefore 70 gives the root correct within 10. 
Put down 70 as <1 part of the root, and subtract its square, leaving 813. 

Divide 813 by 170 or 140; the quotient is greater than 5 but less 
than 6: therefore the remaining part of the root is less than 6 (169). Let 
us try 5: now (140 + 5) x 5 = 71*. which is less than 813; therefore the 
root lies between 75 and 76, and therefore 75 gives the root correctly 
within 1. 

Subtract 715 and there remains 88; but w ? c have now subtracted 

70 1 +fi . 70 + 51x5 or 75 s , <169) 

hence wc may consider the square root of 5713 to consist of two parts, 
one of which is 75, and the other a part to be found, but which is less 
than 1. 

Dividing the remainder 88 by 1.75 or 150: the quotient is greater 
than 7 but less than '6; therefore the remaining part of the root is less 
than ‘6. Let us try *5 : now (150+ *5) it *5 is 75*25, which is less than 88 ; 
therefore the root lies lie l ween 75 5 and 75 6, and therefore 75'j gives the 
root correctly within 1, 

1’rocccding in precisely the same way, the next step shews that 75*58 
gives the root correctly within 01 , and the next that 75*584 gives it 
correctly within 00 1 ; and continuing this process we can obtain the rqpt 
to any degree of accuracy we please. 


Let us now in these examples strike off all unnecessary ciphers, 
bring down the periods only when we actually require them, sup- 
press the decimal point in all places except the root, and take the 
remainders and divisors for what they really are, and not for what 
they represent, and our work will stand thus ; 
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71289(267 

4 

46)312 

276 

527 ) 3689 

3689 


\ 171. 

t * — 

57130606 ( 75 584 

4 £_ 

' 45)813 

725 

1 505 ) 8S00 

_J 5 2 5 . 

15108 ) 127500 
120864 

151164 j 663600 
6046 56 
58944 


172. We deduce then the following rule : 

(1) Place a dot over the uni If figure, and over every alternate 
figure to its left, and to its right: ij there he no units' figure ; 
tupfiose <r cipher placed there , amt remember that each period 
consists of the figure over which the dot is placed and the figure 
to its left. 

(2) Find the number whose square is immediately below the 
number in the first period : place that number in the root , and sub* 
tract its square from the first petiod. 

: 3) To the remainder bring down the next period, giving the 
first dividend; double the figure in the root , and see how often it is 
contained in the dividend when its last figure is omitted; set down 
the quotient as the second figure in the root and annex it to the 
trial divisor we have just used, giving the first divisor. Multiply 
this divisor by the second figure of the root, and if the product be 
not greater than the first dividend subtract it from the dividoRi, 
but if the product be greater , use a lower number for the root 
figure until it becomes less; subtract , and we thus get the second 
remainder. 

(4) To this remainder bring down the next period: to the first 
divisor add its last figure , and see how often it is contained in the 
second dividend when its last figure is omitted; and proceed pre- 
cisely as before . 

(5) Continue the process till all the periods have been brought 
down : if there be no final remainder the given number is a perfect 
square, and its root is found; if there be a final remainder we have 
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J. 

obtained the root not exactly but within a unit of its last decimal 
order \ and the remainder shews by how much the square of the root 
obtained differs from the given number. 


Remark. If at any step the quotient figure iso, set down o in 
the root, annex tt to the trial divisor, bring down the next period 
and proceed as before. 


Ex. Find the square root of •08042896, and of 34*850. 

(1} 6-08042896 ( -2836 (2) 34 8506 ( 5-90338 


48 } 404 

384 

563 ) 2028 
1689 

5666 ) 33996 
33996 


2 5 

109 ) 985 
981 _ 

11803) 40000 
35 409_ 
118063)459100 
3 54189 _ 
1 180668 ) 10491 too 
9445344 
1045756 


In Ex. (1) we put a cipher in the units’ place, over which vc placed the 
first point, and then over each alternate figure to the right ; it is more 
usual simply h suppose the cipher to l* put in the unils’ place. 

In Ex. (j) we have found the square root, accurate within one hundred- 
thuusandlh, or 00001 ; and the remainder shews that the square of the root 
obtained differs from the given number by -ooo 1045756. 


173. When the number of figures to be found in the root is 
Urge, the work may be considerably contracted, as the following 
considerations and example will shew. When a certain number of 
figures have been found in the root, the divisor will contain at least 
the same number of figures, and the remainder either the same 
number or one less; and as the subsequent steps of the operation 
can alter only in a very slight degTee the figures already obtained 
in the divisor and remainder, it follows that we may obtain by 
contracted division as many additional figures within one as we 
have already got : hence, when one more than half the required 
number of figures in the root has been obtained, we may cutoff the 
last figure to the right in the divisor and proceed as in contracted 
division. 
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Example. Find to 12 places of decimals the square root ot 

3*141592653589. 

Here we must hive 13 figures in the root, therefore we find 7 in the usual 
way, and 6 by contraction. 


374.1 5‘9 2 .6jJ539 C 1772433850905 374.15.92.65,3589 { »7724?3 

1 I 

27 ) 214 
i? 5 _ 

347) 2515 

2429 _ 

3542 ) 8692 

7084 

35444 ) 160865 
1 41776 

354485 ) 1908935 

*772425 

3544903 ) 13651089 
10634709 

3o.449 P.6 ) 3016380 ( 850905 
2835925 


354490765) 1 804 '45600 

180455 

*1 77245 3825 

177245 

35449077009)3209:17750000 

34*0 

319041693081 

3190 

3544907701805 j 18760569190000 

20 

17724538501025 

(8 

1936030680975 

2 


174. In the preceding examples we have, for the sake of clear* 
ness, written down each product at full length, and then performed 
the subsequent subtraction ; it will, however, both save time and 
be conducive to accuracy, if we combine the two operations (51). 
Thus, taking the last example, the work will appear as follows ; 


27)214 

189 

347 ) 2515 

2429 

3542 ) 8692 

7084 

35444) 160865 
141776 

354485)1908935 

1772425 

3544903 ) 13651089 
1063470 9 

35449068)301638000 
J 283592544 


3 ', 1 4 ,' 5.92.65,35.89 ( 1772453 
27 214 

347 25*5 

3542 8692 

35444 160865 

354485 1908935 

3544503 13651089 

3,54,4.9*0,6 3016380(850905 

180455 

3310 



3 1 75 - ^ SQUARE HOOT. 

FRACTIONS AND MIXED NUMBERS. 


123 


175. The square of a fraction is found by squaring its numr and 
denr : beace conversely the square root of a fraction is found by 
extracting # the square root of its numr and denr. 

(1) If the denr of the given fraction, or of the fractional part 
of the mixed number, be a perfect square, we apply the Rule 
directly' whether the numr be a perfect square or not, thus . 

E * ■- 

vW-v'S-tS?*?-* 

*•> 

fx 4. v-jua- 

(2) Rut if the denr of the given fraction or of the fractional 
part of the mixed number lx not a perfect square, we reduce the.& 
fraction or the mixed number either 

(l) to an equivalent fraction whose denr is a perfeef square, 
and extract the square root of numr and denr, or 

(a) to a decimal, and proceed in the ordinary way; thus: 

J* - Jii!S . 

V 13 V 13x13 V 169 Vt6q 13 
or - s /'6l 5384 -.784464... 

or = ^2572*5'°7 220 5- 


Extract the square rout of 


I. 54756; 80+609; 8126+9; 1^809241; 97574884; «r« 4449 - 

J. 937014; *128881; -02819041; -008ll6.}9; 36590401; ‘49112064. 

3- 5913303369; 3116694416; 757 8 747 , 36; 5777216064; 6407522209. 

4. I36't4468g; 185970 ‘396644; 400-548 18769 ; -0050136170876]. 

5. 41605800615; 8160628544; 36oti7‘6o96o4; 93870306991561. 

6. no888‘683790i5; 5783663477-05071081; 787026841863680889. 

7. 7i»i{; 31U; 564!?*; 3 °» 3 lHs 3 'i 6 *! * 73 s ' 01 * * 4 5 6 7 ?‘ 
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8. 141064, 3114*81 nod 141064 x 311-481 ; 004x15-61$; °f^ , 

9. Find within one ten-thousandth the square root of the following 

numbers, writing down in each ease the difference between the square of 
the root obtained and the given number (171, 5) : , 

ao; *1; 3*14159365 ; 'wi; 175*150564; 11*566360. 

10. Find to 7 places of decimals the square root of 

•0068; - 1 ; ii A; i 7 iV»» 'J'tn-sJ'tAi. 

5 13 *on 

11. Find to 1 1 places of decimals the square root uf 

*0001908882; 9-79; 97*9; 85; 0683; *3467; 

Extract the square root of 

11. 75*347; 3; and *_; each to 14 places of decimals. 

13. 57’ J*; -00003531: and 67 ; each to 17 places of decimals. 

14. *07; 1*57 ; and *0 410; each to 11 places of decimals. 

CUBE ROOT. 

176. In the same way as in square root (164, 165) we may 

shew- that: 

* 

{)} A number ending with ciphers^ where the number of suck 
cipher 1 is not a multiple of 3, tannot be the cube of a whole 
number. 

(2) A number whose last figure is significant, where the number 
of decimal places is not a multiple of 3, cannot be the cube of any 
number, integral or decimal. 

(3) If the cube root of 11 whole number be not a whole number, 

neither is it n fraction whose numerator and denominator are 
•whole numbers. , 

The cube root of such a number is said to be incommensurable. 

{4} The cube of any number consists of three times as many 
figures, or three times as many less 1 or less 2, as there are in the 
given number. 

(5) If we divide a number into periods by placing dots over the 
units' fgure and over every third figure to the left, the number of 
periods will give the number of figures in the root, and each period 
will consist of the figures over which the dot is placed and the two 
figures to its left, if they are so many. 

177. The extraction of the cube root of a number depends on 
the following proposition : 

If from the cube of a number we subtract the cube of one part 
of it, the remainder is a product of two factors: one factor is t/u 
sum of 3 times the square of that fart, 3 times the product of the 
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two parts, and tht square aj the other part; and the second factor 
is the other part. 

Take 57, which is made up of the parts 50 and 7 : its square is 

50*^2.50.7 + 7*, (169) 

, and if we multiply each pan of this sum separately by 50 and by 7, 
the sum will be equal to 57*. 57 or 57 s .: hence 

57*= 50* + 2 . 50 s . 7 +50. 7*+ 50*. 7+ 2 . 50.7*+ 7* 

= 50»+3.50*.7 + 3.5o.7*+7*; 

therefore 57 s — So 3 — (3 • S^ + S- 50.7 +7^x7. (62,1) 

Cor. When the part whose cube is taken away is much greater 
than the other part, it will be seen from the above result that if we 
divide the remainder by 3 times the square of the part taken away, 
the quotient will give a near approximation to the part left— and of 
course in excess. 


j 78. To extract the cube root of a given number* 

(1) Take 948(8816. Placing dots over the units’ and every 
third figure, thus 94818816, we see that there arc 3 figures in the 
cube root, and that the firsi period is 94: and since 94 lies between 
64 and 12$, the cubes of 4 and 5, the cube root required must lie 
between 400 and 500. Put down 400 as one part of the root; and 
we must now find the other part, which is less than too. 

{2) We shall find it convenient to arrange our work in 3 columns, 
placing the given number in the third, thus; 

I. II. III. 


400 

160000 

94816816 ( 400 

400 

320000 

64000000 50 

800 

480000 

30818816 6 

400 

62500 

27125000 

1200 

542300 

3693816 


65000 

3693816 

1250 

607500 



8136 


1300 

615636 


50 



1350 



6 



1356 




Put 400 in col i, multiply it by 400, giving 400*, or 160000, 
which put in col. ii ; multiply this by 400, giving 400 s or 64000000, 
which plane in col< Lu and subtract, giving the remainder 30818816. 



126 


CUBS BOOT. 


? 17 ®’ 

{3) Now add 400 to col. i, giving 2 . 400 or Soo ; multiply this 
by +oo, giving 2 . 400 3 or 320000, which add to coL ii, giving 3 . 400* 
or 480000 again, add 400 to coL i, giving 3 . 400 or,J200. Our 
three cols, now stand thus: 

3. 400 or 1200* 3 . 400 s or 480000, 30818816. 

Using the trial divisor 3.400* (177 Cor.), the quotient is greater 
than 60 but less than 70 ; therefore the other part of tW: root is 
Ifss than 70. If we try 60, that is, if we multiply 
3. 400*43. 400. 60 + 60* 

by 6o, we shall lind the result greater than the remainder. Let 
us then try 50 : add 30 to col. i, giving 3.400+55 or 1250 ; 
multiply this by 50, giving 3. 400, 50+ 50 3 or 62500, which add to 
col. ii, giving 

3. 400*43, 4CO.50 + 50 3 or 542500; 
multiply this by 50, giving 

{3 . 400- + 3 . 400 . 50 + 30?) x 50 or 271 25000, 
which subtract from col. iii, giving the remainder 36938(6. 
but we have now subtracted 

400 3 + (3 . 400* + 3 . 400. 50 + 50*) x 50 or 450*. {177) 

We may therefore consider the root as made up of two parts, 
one of which is 450, and the other is to be found, and it is less 
than 10: hence we repout the process of this paragraph (3). 

(4) Add 50 to coL i, giving 3.400+2.50 or 1300; multiply 
this by 50, giving 3.400. 50+ jo 1 , which add to col. ii, giving 
3. 400*46.400. $o+-3.5o a , 
or 3 x 4oo*+2 . 400. 50 + 50?) or 3x450*; (177) 

and again 50 to col. i, giving 3,400 + 3. 50 or 3, 450 or 1350: hence 
our cols, stand thus : 

3.430 or 1350, 3. 450 2 or 607500, 3693816. 

Using the trial divisor 3.450*, the quotient is greater than 6 but 
less than 7 ; therefore the upper part of the root is less than 7. 
Let us try 6 add 6 to col, i, giving 3. 450 + 6 or 1356 ; multiply 
this by 6, giving 3 . 450 . 6 +6*, which add to col. ii, giving 
3 • 45°* + 3 . 450 • 6 + 6* or 61 5636 ; 
multiply this by 6, giving 

(3 * 456 * + 3 • 45 ° • 6 + P) x 6 or 36938 16, 

which subtract from col. iii, giving the remainder 0, 
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We have now subtracted from the given number 

4jO* + (3 . 450* + 3 . 450 . 6 + 6 s ) x 6 or 456?, (177) 

and thero is no remainder ; hence the cube root of the given 
number is 456. 

179. If the given number be not a perfect cube, the preceding 
meth<x\ is equally applicable, but the root can only be found to 
a limited degree of accuracy. For example 

Find the cube root of 34829. 


1 . 

II. 

lit. 

30 

900 

34816-006 ( 30 

30 

(Boo 

17000 i 

60 

"1700 

7819 *6 

3 ? 

.84 

5768 05 

90 

*884 

jo6i '007 

j88_ ... 

1877-976 

9 * 

i 


/ 183 014000 

i ‘0 

i. 59 ^ 586 j 5 _ 

94 /' 

j 11996 

5 3 ' 3 6 5375 «*> 

a 


ir 391171393 


/ 3188-18 

•974101607 

•6 

4*8915 


96-6 

3 1 9 J * I ’ 1 5 


_6 

_ 4*950 


91 ] 

3198-0675 


■ 6 / 

•685699 


97 * 

3 , 9 ®* 753 , iw 



_'° 5 

97*5 

05 

97-90 

•05 

97*95 

'OPT 

97957 

Point the units’ and every third figure: the first period is 34, which 
lies between 37 and 64, the cubes of 3 and 4; hence the cube toot of 
the given number lies between 30 and 40, and therefore 30 gives the 
cube root within to. 

Put 30 in col i: multiply by 30, giving 900, which put in coUiij 
multiply by 30, giving 17000, which pul in col. iii and subtract, giving 
the remainder 7S39. Complete cols, ii and i thus— add 30 to col. i, giving 
60 1 multiply this by 30, giving 1800, which add to col. ii, givdng 2700; 




and now add 30 to col. i, giving 90 therefore the cols, stand thus, 90, 
1700, 7819. 

Use the trial divisor 170Q; the quotient is greater than 1 and less than 3: 
therefore the other part of the root must be less than 3. Let tJ try 1 ; the 
remainder will be 1061 : t ha c fore the root lies between 31 and 33, and 
therefore 31 gives the root within 1. Complete cols, ii and i, and the cols, 
will stand thus — 96, 3073, 706 1- 

Use the trial divisor 3071 : the quotient is greater than *6 but l*ss than 
‘7; therefore the other part of the root must 1* less thin '7. Let us 
try '6: the remainder will be 183-01.1*, therefore the root will lie between 
31*6 and 3J"7, and therefore 316 will give the root within *r< 

In like manner the neat step shews that 37*65 gives the root within 01 : 
and the neat that 31637 gives the root within oot : and continuing this 
process we can obtain the root to any degree of accuracy we please. 

Let us cow, in these examples, strike off all unnecessary ciphers, 
bring down the periods only when we actually require them, 
suppress the decimal point in ail places except the root, and take 
the remainders and divisors for what they really arc, and not for 
what they represent, and our work will stand thus : 


i. 

II. 

III. 

t. 

11. 

HI. 

4 

16 

94818816 ( 456 

3 

9 

34 !iif/oo6{ 31-657 

4 

31 

6+ 

3 

rt 

*7 

i 

4 » 

30818 

6 

*7 

7819 

4 

6;s 

17115 

2 

»»4 

5768 

i «5 

S 4 1 S 

3693816 

9 * 

1884 

7061000 

J 

65a 

3693816 

Ji 

th8 

t 877976 

130 

6 o 75 


94 

307 * 

l» 3°*4 

s 

8136 


] 

.. 57 </ 

159658615 

« 35 6 

615636 


966 

311996 

*3365375 , 




6 

3831 

17391171393 




97 * 

318818 

974101607 




6 

48915 





9785 

3 i 93 ' 7 J 5 





5 

489 JO 





9790 

31980675 






683699 


97957 3 * 9 ^ 753 1 99 

180. We deduce then the following Rule 
( 1 ) Arrange for three columns , and head them respectively i, ii, 
and iii j in cal. iii put the number whose cube root is to be extracted, 
and to its right provide a place for the root. 
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(2) Place a dot over ihc units’ figure, and over every third 
figure to its le/t, and to its right if the number be a. decimal: if 
there be nq units' figure suppose a cipher placed there j and re- 
member that each period consists of the figure over which the dot 
is placed a ltd the two figures to its left , if there are so many. 

(3) Find the number whose cube is immediately below the first 
period; place it in the root; place it also in col. i ; multiply col. i by 
the root-figure, and place (he product in col, ii; multiply col. ii by the 
root-figure and subtract the product from the first period in col. iii. 

{4) To find the next figure in the root proceed thus -.—compute, 
the columns, that is, bring down (he next period in col. iii : add 
the root-figure to col. i ; multiply the sum by the root-figure and 
add the product to col. ii ; add the root-figure to col. i; see how 
often the trial divisor {col. ii, is contained in col. iii when the last 
two figures are omitted; place the quotient in the root; bring it 
down to col. i ; multiply col. \ by the root-figure ; put the product 
under col. ii, two places to the right, and add; multiply the sum 
by the root-figure , and place (he product under col. iii and subtract , 
if t/u product be not too great if the product be loo great , we 
must try the next lower figure in the root , or the next again , till we 
get a product small enough , and then subtract. 

(5) Find the next and each succeeding figure in precisely flu 
same way, and continue the process till all the periods have been 
brought down: if there be no final remainder, the given number 
is a perfect cube, and its cube root is found; if there be a final 
remainder, we have obtained the cube root within a certain degree 
of exactness only, determined by a unit of the last order in the 
root, and the remainder shews by how muck the cube of the root 
obtained differs from the given number. 

Rf.makk 1. If at any step the root T figurc is o, bring down 0 to 
col i, and 00 to col ii, and proceed as before. 

Remark 2. There can seldom be any doubt about the root 
figure except at the second step ; and here the numbers to be 
operated on nre so small, that the process may be gone through 
mentally before the root -figure is actually put down, 


B.-S. A. 


9 
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l8i. When one more than <1 third of the figures required in 
the root have been obtained by the ordinary method, the rest 
may be found by contraction. For when a certain number of 
figures have been obtained in the root, there will be generally 
twict that number in the trial divisor and as many or as many 
less one in the remainder; and from this remainder as a dividend 
we ran find as many root-figures as it contains figures, lest one or 
less two at most. Instead therefore of bringing down new periods, 
wc coniine our work within the limits indicated by the remainder, 
and neglect those portions of col. ii and col. i which do not affect 
the figures we are seeking. The way in which this is done 
will be understood from the following example. 

Ex. Find the cube root of 78539816339745 to t2 places of 
decimals. 


I. 

11 . 

ill. 

9 

81 

■78^981633974561 -91163 

J 

161 

? l 9 

18 

>4i 

56398 

9 

5*4 

4</|88 

171 

*4844 

6710163 

1 

_ 548 

5089448 

V* 

J 539 * 

1610715397 

1 

>5*4 

1331147176 

1761 

»H* 7 M 

89568111450 

1 

5518 

76609659447 

1.764 

3j$01£1 

/ 11918561003 ( 507431101 

3 

165006 

*•11768760950 

17666 

355191106 

189801033 

6 

<66033 

1 78/63634 

37671 

ij5357”8 

1 1037419 

6 

830349 

10115066 

1767*3 


*11353 

i 

830 33*; 

766130 

376786 

x"' 1553738350J 

56113 

3 

. .. <3839 

3107S 

.1707 1*9 

3553751I9 0 

5148 


13839 

*!2Z 


15537660,1,9 

41 


3 

16 


155J766l 

•s 
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The total cumber of figures in the root is to be n, and since the integer 
next greater than $ of 11 is 5, we shall find the first 5 figures ia the usual 
way, and the rest by contraction. 

Arrange rfie 3 columns and put the given number in col. iii; place a dot 
over the units’ figure, and over every third figure to its right. The first 
period is 785, and therefore the first root-figure is 9. Put 9 in the root, 
prefixing the decimal point ; put 9 also in col. i, multiply this 9 by 9, giving 
81, which put in col. ii ; multiply this 8t by 9, giving 719, which put under 
the first period in col. iii, and subtract, giving 56. 

To find (he second figure in the root, complete the columns : that is bring 
down the next period in col. iii, giving 5(1398; add 9 to col. i, giving 18; 
multiply this 18 by 9, giving 163, which add to coL ii, giving -143; add 9 to 
col. i, giving 37. See how often the irial divisor 343 is contained in 563, the 
quotient is a : put 1 in the root, bring it down to col. i, giving 371; multiply 
this 373 by i, and put the product 54+ under col. ii, two places to the right, 
and add, giving 34844; multiply this by 3, and place the product 49688 
under col, iii, and subtract, giving 6710. 

In the same way find the third and each succeeding figure. 

Suppose that we have now found five figures in the root, and completed 
col. i and ii, as if to find the 6ih figure:— then the columns will be 
176789 25537383507 13958563003 

as they appear just Mew the broken line. As we do not intend to bring 
down another period in oil- iii, we must cut off 1 figure in col. ii, and 3 
figures in col. i, so that in multiplying up from one col. to the next, units of 
the same order may be under one another. Cut off therefore 7 in col. ii, 
and 89 in col. i. Use col. ii as .1 trial divisor, the quotient is 5 ; pul 5 in 
the mot, multiply col. i by f. and add the product to col. ii; multiply col. 
ii by 5, and subtract the product from col. iii. 

Tu find the next figure, complete the columns, which now means add the 
same number as before to col. ii. Cut uff 9 from col, ii, and 67 from col. i. 
Use col. ii as a trial divisor, the quotient is 0; put o in the root, and the 
columns will remain unaltered. Again, cut off another figure in col. ii, 
namely j, and the rest of the figures in col. i. Use col. ii as a trial divisor, 
the quotient is 7 : and though there is no figure in col. i to stt dmm from, 
yet from 7 times 3 plus 4 or from 18 we carry 1; add 3 to col. ii, multiply 
the sum by a, and subtract the product from col. iii. 

Again, add % to col. ii, completing it; cut off its last figure 4, and then 
the rest of the work is effected by contracted division only. 

In thU way the cube root of the given number is found to be 
■92563507433301 ; which is correct to the last place of decimals. 

9-2 
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iS;, In the preceding examples we have, for the sake of 
clearness, written down t5ic products at full length, and then 
performed the subsequent addition or subtraction ; it will how- 
ever both save time and be conducive to accuracy, if we combine 
(he two operations 51 I Thus, taking the last example, the work 
will appear as follows : 


1 . it. 

9 ft. 

18 Ui 

271 248 -m 

274 *.*4 9 J 

076} 1544714 

1764 2550151 

1 7666 155191 196 

27671 255357118 

* 7 <* 7 »A ! 553 f >55 3«4‘) 

176786 1 5 5 A 7 3 * J 5 °,7 

1 7 6 7,8 9 1553-511 90 

1553 7660.2,9 
2 5 5 3 7661 
1 f.f.JjM* 


■ 785 . 19^163397456 { -91163 
S f >A9* 

6710163 

1610715397 

K 956 S 52 1 4 SO 

l 2958561003 { 50743 I 2 OI 
189801053 
110374' 9 

*Jt3<3 

56213 

5148 

4> 

>5 
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i S 3 , The cube •>( a fraction is found by cubing its numerator 
and denominator; hence, conversely, the cube root of a fraction 
is found by extracting the cube root of its numr and denr. 

(t) If the denominator of the given fraction, or of (he fractional 
part of the given mixed number, be a pnfcct atb< s we apply *ihe 
Rule directly, whether the numr be a perfect cube or not; thus 


Ex. 1 , 

V or 

v-7 3 

^664 4 ' 

Ex. 3 . 

Sity* 

11 

F.x. 3 . 



F,x. 4 , 

*1 18*38 - 

Vijto 9 tfa2 23 - 882 5 27 ... 

v m Cm 9 
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(2) Bui if ihe denominator of the given fraction or of the 
fractional part of the given mixed number be not a perfect cube , 


we reduce the fraction or the mixed number cither lo 
(1) an equivalent fraction whose denominator is a perfect cube, 
and extract the cube root of numerator and denominator : or to 
{2) a decimal, and proceed in the ordinary way : thus 
*49 _ v-45 6*2573 248., 

* 49 Z/343 7 

7714285^ *8939035.. ■ 


Ex. 5. 


7; 7;: 


'8939033- 


7 ‘;- 7 ; 


'2989 144048466... 

343 " 7 

^8714285- 2*0578352- 


VOl'KTH ROOT, SIXTH ROOT, ANU NINTH ROOT. 

184. (1) Since (5 s ) 2 66 , we may find the fourth power of 
a number by squaring the number, and then squaring its square : 
hence, conversely, we may extract the fourth root of a number by 
extracting its square root, am! then the square root of its square 
root. 

{2) In like manner, since 5 <: -(5 3 } 1 and =( 5 3 ) 2 (66), we ma y 
extract the sixth root of a number by extracting its cube root, and 
then the square root of its cube root ; or by extracting its square 
root, and then the rube root of its square root. 

(3) And since 5* •• \ 5 4 ' 1= !( 5 J ) 2 i i we ma y txtrset the eighth root 
ofsi number by extracting its square root, then the square root 
of its square root, and lastly the square root of that square root 

(4) Lastly, since 5 *=( 5 ’)\ may extract the ninth root of a 
number by extracting its cube root and then the cube root of its 
cube root. 


Exercise 28. 

Extract the culic root of 

911673; 11811904; *33744¥>; -«» 7077 KSSo; 000016730899. 

1. 014137569; 176464*08(5190; 081690010119; 355496:68704. 
3. *056711613688; 1*211447615; 198767717056; 8451-16465300. 
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4. 701111183071; -09778 1036543; 967*068161369; 513537536-5110. 

5. 93 161981 941037; 7-986807158669; 179301191-791869. 

6. 97 « 3 ^ 54 o/» 97 ’ 55 Q 4 i 696536477676917488079189747. ( 

J- jjj?< 4 «»; <s «rVAi 46 ft; srll!; s»w¥ 

8. Find to 4 figures before contraction the cube root of 

£ 

1034; 5911; 009968; 5; — ; Jj. 

9. Find to 5 figures before contraction the cube root of 


3-467; 1-71828181846; 


67; *078759; '315141. 


Extract the cube root of 

to. '78539: 18,^; 001; and 014. each to 14 places of decimals. 

It. J'lS; ; 003; 397-953; "013; and 81-811703, each to 10 places. 

11. 1 + V3; 1 v'j: 7 + \ ; 7. each till 3 places of decimals. 

13. Extract the fourth r»x>t of 

111309379856; 1-71818181846; 43j 0008317; 62; 103} J. 

14. Extract the sixth root of 


160184053769595101; 5368JHJ ; 75*347 ; K 

15. Find the eighth root of 5755 ; ’003531 ; ^ . 

|6. Extract the ninth root of 

*689869781056: 3000; ; 7 + v'7» 8i»/. 


1;. Find the value of 


V 33 75 * V -03375’ 


<'5ri + «y*0O3375 
</8-</-ooi 


18. Find the square root of 3, and then shew that the cube root of 
16-15 v ; J is equal to 1 - v'j. 

19. Divide the sura of the cube roots of 377149-515615 and 11771 1 { | 
by the square root of 5017JJ. 


10. In a. D. 1696, De logny, a Member of the Academy of Sdcncei, 
and after wants a Fellow of the Royal Society, said that the most skilful 
computer could not in less than a month find within a unit the cube root of 
<ty>53M33 1 86*003507364 1937 ; 

find the cube root (t) within 1 unit, and (1) to 15 places of decimals. 



CHAPTER VIII. 

RATIO AND PROPORTION. 

t8j. Ratio is the relation which two quantities of the same 
kind b&ar to each other, with respect to the number of times that 
the first contains the other; thus, the ratio of if yards to 4 yards 
is determined by the number of times that it yards contains 
4 yards, and therefore by the fraction y * 

The ratio of 1 1 yards to 4 yards is written thus, 

It yards : 4 yards, 
ami is read M yards to 4 yards. 

The two quantities must be of the same kind that the division 
may be possible, and the quotient will always he a number; thus, 
the ratio of 1 1 yards to 4 yards, of t r hours to 4 hours, of tl pence 
to 4 pence, are all determined by the number h- : that is 

r 1 yards : 4 yards 1 1 hours ; 4 hours = 1 j pence : 4 pence 
-ir 14. 

Hence in treating of ratios we usually consider the terms to be 
numbers : for at any time we can pass from quantities of the same 
kind to the numbers which measure them, and vice versa, whenever 
we find it necessary to do so. 

186 The first term of a ratio is called the Antecedent and the 
second the Consequent. One ratio is said to he the inverse of 
another when the Antecedent and Consequent of the one are 
respectively the Consequent and Antecedent of the other:— thus 
the inverse ratio of 1 1 : 4 is the ratio of 4 : it. 

187. Orte ratio is greater or less than another according as the 
fraction determining the former is greater or less than the fraction 
determining the latter. Thus the ratio of 3 to 4 is greater than 
that of 5 to 7, because J is greater than f 

188. As the value of a fraction is not altered by multiplying or 
dividing numerator and denominator by the same number, the value 
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of a ratio is not altered by multiplying or dividing both its knits 
‘by the same number : thus the ratio of 2 to 3 is the same as that 
of 4 to 6, of 12 to j8, of 20 to 30, Si c. 


189. The ratios that each of a set of numbers have to each 
other is expressed in the form of a continued ratio : thus the ratios 
that each of the numbers 3, 3, 7, 9 have to one another is written 


o ; 5 • 7 • 9- 

The values of these ratios will not be altered if we multiply or 
divide all the terms by the same number. 


190. We compound ratios by multiplying Lhe antecedents fora 
new antecedent, ami the consequents for a new consequent: thus 
the ratio compounded of the ratios 2 : 3, 5 ; 7 and 14 : 15 is 
2x5x14 : 3x7x15. 


i'KOPURTJON. 

191. Four quantities arc in proportion when the tirsi has the 
same ratio to the second which the third has to the fourth. A pro- 
portion, therefore, is the equality of two ratios ; thus, since 2 : 3 
and 10 : 15 are equal ratios, we have the proportion 

2 : 3 10 : 15, 

which is read 2 to 3 equals 10 to 15. 

This proportion is also written, as in Geometry, thus 
2 : 3 :: 13 : 15, 

and is then read 2 is to 3 as 10 is to 15. + 

Of this proportion 2 and 15 arc called the extremes, and 3 and 10 
the means: 2 : 3 the pint ratio, and to : 15 the second ratio. 

192. In every proportion the product of the extremes is equ<d to 
the product of the means. 

Take the proportion a ; b=C : d, 
where a, b, c, d are numbers, either integral or fractional ; then 
a c 

r d' 


therefore 


a%db%t 
b*d~~ bxd 


{‘39) 
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and since these fractions have a common denominator their 

numerators must be equal, 

therefore axd-bx.c. 

Cor, Hence, d -^- — - and a ~ --*/ , 

a ‘ a 

that is, — Either ex treme is equal to the product of the means 
divided by the other extreme. And in like manner, — Either mean, 
is the product of the extremes divided by the other meats. 

Kkmakk. In any proportion we may replace the numbers of 
each ratio by quantities of which they are the measure, thus if 

2 : 3^ to : 15, 

we may have 2 men : 3 men =^10 : ^15, 
but we cannot apply the terms of this proportion to the results just 
obtained, for of course we cannot multiply a quantity by a quantity ; 
but if the terms of one ratio be quantities and of the other numbers, 
we can apply them : thus if 

2 •' 3 /'<> ■ 

then j6i>*2^io* 3; and - J . 

193. If four numbers are in proportion , they are in proportion 
when taken inversely. 

For example, if a : be: d. then inversely b : a-d : c. 

Since 

therefore 

and therefore 

or 

or 

REMARK, This proposition holds whether the terms of both 
ratios arc numbers, or the tenns of one ratio be numbers and of the 
other quantities, or the terms of both ratios be quantities : thus if 

2 men : 3 men =£10 : ^15, 

3 men : 2 men =^15 : /to. 


a : b c : d t 

txc-axd, (192} 

b x c ax d 
ax c axe' 
b _d 
a £' 
b : a-d ; c. 


then 
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193*. ///our numbers are in proportion , they art in proportion 
when taken alternately. 

For example, if a \ b-i :d, then alternately a \ c~b : d. 
a c 
Vtf 

axd=bxc, (192) 

*l *d _b*c 
c * d ~ c x (?’ 


Since 
therefore 
and therefore 


<-• d’ 
a \C-b :d. 


Reman K. The result of this Article is applicable when the four 
terms of a given proportion are cither all numbers or aJi quantities 
of the same kind: but not when the terms of each ratio are 
quantities of different kinds : for example, although 
2 men : 3 men ~£ 10: ,£15, 
we cannot have 2 men : /to ~ 3 men : 
for each of the two ratios is impossible. Hut since 

there is now no objection to our alternating the second and third 
terms, and therefore we have 


194. If we compound the corresponding ratios of two or more 
proportions the resulting ratios will for.n a proportion. 

For example, if a\l p .q. 

c :d q :r, 
t :/~r : s, 

then a*e*c :b*d*/-P*q*r -qxrxs. 


For 

therefore 

or 

or 


a p c q . t r 
i- - l i- and , 
b q' d r f s’ 


a c e p q r 
b* d* /" q* r* i’ 
a*c*t pxqxr 
hxd*f~ qxrxs* 
axcxe \bxdx f-pxqxr \qxr%Si 


(129) 
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COR. If in corresponding ratios (he consequent of one be the 
antecedent of the next, the common terms may be made to dis- 
appear in the compound proportion : thus in the last proportion 
we may write 

a*c <t : by.dv.f-p {188) 

194*. When, in a proportion, the means are equal, each of 
them is called a mean proportional between the two extremes ; 
thus, in the proportion 

2:4=4: 8, 

+ is a mean proportional between 2 and 8. 

And because 4*4-2x8or4*-2x8; therefore 4=^/2 x 8; (192) 
that is , — A mean proportional between tivo numbers is (he square 
root of their product. 

Ex. I. Kind a 4th proportional to 25, 3}, and 4$. 


Now 1 1 : jj = : ^th proportional required ; 

therefore 4th proportional =- = — x x ~ = H ^ <>J, 

Ex. 2. The ratio of A to It is 2 : 3 ; and of B to C is 5 : 6 : find 
the ratio of A to C. 


A i B j, 


PC 36 * 
or A : C - $ : 9. 


Ex. 3. The ratio of A to B is 2 : 3 ; of B to C is 5 : 6 ; and of 
C to D is 7 : 8: find the continued ratio of A, li } Cand D. 

A : S=ti : 3:= jo : ro*, multiplying each term by 7; 

P : C = 5 : 6 *>ioj : 116 ; 

C : :8= ll(S : 144; 

therefore A : 8 : C\ Z? = ;o : 105 : 116 : 144. 


Ex. 4. A cask of 72 gallons consists of It parts brandy and 

I part water : how much water must be added that it may consist 
of 9 parts brandy and 1 water? 

7» gallons is made up of it parts, therefore 1 part is 6 gallons and 

I I parts is 66 gallons. But, while the brandy remains the same 66 gallons, 
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Ex. 19. 


the water 15 to he increased so that ihe brandy is to the water as 9 : i ; 
but 9 : 1=66 : ;J, 

therefore [}• gallons of water must be added. 


Exercise 29. 

i. Simplify the ratios: ti : 35; +41 : 1401 ; j : 3} : x*; 

lit' 7*71 * ; l : i : J : 1; } : i : 4 : l f 

1. Express in its simplest form the ratio com|munded of the ratios : 

> : 1 3 : h 4 : ii 7 : 9 - ,6 » 3 4 : Ji’. 

1! = 1!: 1* = 7 i- 

3. Of the following ratios which is greatest? 

5 : 7 eff 7 : 9; 8 : 15 or is, : 19; j’ : 6J nr 4^ : 1 1|. 

4. Do the ratios 4J.UI and 64 : ij\ constitute a projtorlisKi? 

s, Do the numbers 4^, j*j, 13 and JJjj form a proportion? If not, 
find what the fourth number must U\ so that a pi«|«iitioi] may !>c formed. 

d. What is the fust term of the proportion ot which the nther three 
terms in rmlcr are 8, 9 ami 1 j? 

7. If one mean of a proportion is .J. and the two extremes are 3 j and 
7 4, what is the other mean? 

8* Find a fourth proportional to 

6$, 4' and 13 J; *0004, 14 and 'or; 'i, otand'oot; 

■06} 5, 3'8jandirj; 8351, 3-69 and 3037, within 0001. 

9. Find a mean proportional In 

3 f and roj ; -j and '001 ; 3X7-908 and 0187 to 4 places of decimals. 

10. Compare the rates of two locomotives, one of which (ravels 397 J 
miles in 11 j hours, and another which travels j*, miles in 8J hours. 

t r. If. when A makes a profit nf £ 1, ft makes £3; and when B makes 
a profit of £+, C make- £ : • and when C makes a profit of £(>, J) makes 
£l : compare the profits nf A, B, C and D. , 

ij. One grocer to 19 11 »- of coffee adds jibs, of chicory, and another 
to 17 lbs. of coffee adds 7 lbs. of chicory: compare ihe amount of colfec in 
the two mixtures. 

13. A mixture is composed of 9 parts brandy and 1 water; 4 gallons of 
water are added, and the mixture contains (t times is much brandy as water: 
how many gallons of brandy does it contain? 

j 4. A barret consists of 3 parts ale to 1 parts stoul ; how much of the 
mixture must he drawn off and replaced by stout, that the new mixture may 
Ik half and half?' 

13. A greyhound pursues a hare and takes 3 leaps for every 4 leaps of 
the hare, but 1 leaps of the hound are equal to 3 of the hare : compare the 
rate* of bound and hare, 



CHAPTER IX. 


CONCRETE NUMBERS, 

TA1H.ES OK TIME, LENGTH, &C 

195. Ik one quantity contains another of the same kind an exact 
number of times, the first is said to be a multiple of the second, and 
the second a submultiple or aliquot part of the first. 

196. Of quantities of the same kind wc take an arbitrary 
but well-defined quantity of that kind as our unity and finding 
how many times or parts of a lime it is contained in each of them, 
we express them either as whole numbers or as fractions. But in 
this way very large quantities will be expressed by very high 
numbers, and very small quantities by fractions, which give by 
inspection little idea of their relative values ; to obviate this 
inconvenience, we take such multiples and submultiples of the 
unit as will enable us to avoid very high numbers in one case, and 
troublesome fractions in the other. Thus of length, we take a yard 
as our unit, but to mcasuie long lengths wc use the mile, a high 
multiple of the yard, and to measure short lengths we use the inch, 
a small submultiple. 

But in England, not only do these multiples and submultiples 
proceed, in any particular case, without uniformity, but the relation 
observed between them in any one ease, is no guide in any other; 
thus the relation between the multiples and submultiples of the 
unit of length, is not that which obtains between those of weight, 
or of time, or of (opacity, &c. 

197. The principal quantities with which we shall be concerned 
are those of length, surface, volume, weight, capacity , time, and 
money. And as in England the unit of time is the only one derived 
from a fixed quantity in nature, we shall begin with the measures of 
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TIME. 

l9 S. The unit of time is the DAY, or, strictly speaking, the mean 
solar da y. A solar day is the interval between two tuccessivc 
noons ; but as these intervals are of unequal length, we take the 
mean or average of all the solar days in the year, and to this mean 
solar day we give in civil reckonings the name of DAY- The sub- 
multiples of the day are the hour, the minute and the second; and 
its multiples are the week, the month, and the jwr: their relations 
are set forth in the following table : 

60 seconds .>) . . . are 1 minute (m.). 

60 minutes .... t hour (h.;. 

24 hours 1 day. 

7 days ..... 1 week. 

4 weeks 1 month. 

365 days or 366 days \ year. 

199. The solar year consists of 36$’242242 mean solar days, or 
very nearly 365! days : hence to make the civil year correspond 
with the solar, wc take three consecutive years of 365 days, and a 
fourth, called leap-year, of 366 days, those being leap-years of 
which the number is divisible by four ; and this is called the Julian 
correction, after Julius Caesar. But in this way wc insert too days 
in 400 years, which is too much, for 742242 x 400 is 96-8968 or 97 
days nearly ; to make the necessary correction, those years whose 
centuries are not divisible by four arc not leap-years; thus 1700, 
1S00, 1900 arc not leap-years, but 2000 is a leap-year ; and this is 
called the Gregorian correction, after Pope Gregory XIII. 

The civil year is divided into 12 calendar months, of which 
February contains 28, or in leap-year, 29 days; April, June, 
September, November, 30 days; and each of the test 31 days. 


LENGTH. 

200. The ujiit of length is the YARD, In the Office of the 
Warden of the Standards at Westminster there is a solid bar of 
bronze 38 inches long and l inch square; near to each end a small 
cylindrical hole is sunk in which is inserted a gold plug ; and the 
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distance between the centres of the gold plugs when the bronze is 
at a temperature of 62° F. is the imperial standard yard (41 and 42 
Viet. c. 49, s. to). 

201. By the Act, 5 Geo. IV. c. 74, the imperial standard yard 
was declared to be the length of the pendulum, vibrating 
seconds of mean time in the latitude of London in vacuum at the 
level of»the sea, in the proportion of 36 to 39**393, In this way, it 
was enacted that a new standard yard should be constructed, if at 
ahy time it should be required ; but when the old standard was 
rendered useless by the burning down of the Houses of Parliament, 
and its restoration rendered necessary, so much doubt was thrown 
by men of science as to how far the standard could be accurately 
restored by the above method, that the present standard was con- 
structed from a comparison of copies that had been carefully made 
of the old standard {18 and t9 Viet. c. 72). 

202 . The multiples and submultiples of the yard, and their 
relation to each other, are set forth in the following table 

12 inches (in.) . . are 1 foot (ft.). 

3 feet 1 YARD (yd.). 

yards 1 rod or pole. 

^ poles or 21 yards . 1 chain. 

to chains r furlong. 

8 furlongs or i] 6 o yards , I mile. 

The following special measures are also used:— 4 inches are 
1 hand (used in measuring the height of horses) ; 6 feel are 1 fathom ; 
and 100 links are t chain or 22 yards. 

Linen and woollen drapers divide the yard into quarters, and 
each quarter again into quarters called sixteenths or nails ; thus ij 
inches are t sixteenth or nail, and 4 nails or 9 inches are 1 quarter 
of a yard, Sometimes 5 quarters of a yard is called an ell. 

SURFACE. 

203. The unit of surface is a square yard ; that is a square 
each of whose sides is a yard in length. 

Take such a square and divide each of two adjacent sides into 
3 equal parts, and through the points of division draw straight 



144 SUKFACS. § 103. 

lines parallel to the sides; we have then 3x3 
or 9 squares, each of whose sides is a foot in 
length ; that is 1 square yard is equal to 9 
square feet. In like wanner 1 square font is 
equal to 12 x 1: or 144 square inches, &c. 

The following is the Table of Surface : 

144 square inches . arc l sq./tkd. 

*)*</. fret .... I j q.ynrd, 

30] sq. yards or 27 2 J sq. feet l sq. rod or sq. /'ids, or 

t firth, 'j USC( j - n nica . 

40 perches . ... \ rood. \ , . 

* 1 curing land. 

4 roods ... t acre. ) 

640 ttcres or tyfxv' sq. yards 1 sq. mils. 

204. Since 22 yards are t chain, 22 x 22 or 484 sq. yards are 
I sq. chain, and to sq. chains or 4840 sq. ya rds arc J acre. Also 
since too links arc t chain- 

too* or 10,000 sq. links . are I sq. chain. 

ami 10 sq. chains or 100,000 sq. links t in re. 

VOl.UMK f >K SOLIDITY. 

205. The unit of volume is a cubti yard; that is a cube, each of 
whose sides is a yard in length. 

Take such a cube, and 
divide each of three adjacent 
sides into 3 equal parts, 
and through each of the 
points of division draw planes 
parallel to the sides, then we 
have 3^3*3 or 27 cubes, 
each of whose sides is i foot 
in length : that is 1 cubic 
yard is equal to 27 cubic feet, In like manner 1 cubic foot is equal 
to J2 5 or 1728 cubic inches, Sic. Hence we have the following 
Table of Volume 









206. The unit of weight is the Pound; formerly tailed the 
Pound Avoirdupois to distinguish it from the Pound Troy; 
but as vhe Pound Troy has noiv no legal existence, the epithet 
Avoirdupois Is unnecessary. In the office of the Warden of the 
Standards at Westminster there is deposited a cylinder of platinum 
marked P. S. 1844, 1 lb., and this weight is the imperial standard 
pound, and is the only unit or standard measure of weight from 
which all other weights, and all measures having reference to 
weight, arc derived (41 & 42 Viet, c.49, s. 13). 

One sixteenth part of the Pound is an ounce, and one seven- 
thousandth part of the Pound is a groin; therefore 7000 grains 
is 16 ounces and 437^ grains is att ounce. Also 480 grains is an 
ounce troy (41 & 42 Viet. c. 49, s. 14 . 

207. The multiples and submultiples of the Pound, and their 
relation to each other, are set forth in the following Table 

16 drams or 4.37 A grs. arc I ounce (or,). 

480^'rviMtt l ounce tro v (oz. tr.). 

16 ounces or 7000 grs. » POUND Jb. ; libra). 

14 pounds . . 1 stone. 

28 pounds . 1 quarter (of .1 hundred-weight). 

4 quarters or 1 12 lbs. 1 hundred-weight (cwt. - C, wt.}. 

20 hundred-weight 1 ton . 

208. All articles sold by weight are sold by imperial standard 
weight ; except that 

(1) Gold ami silver, and articles made thereof, also platinum, 
diamonds, and other precious metals or stones, ntay be 
sold by the ounce troy or by any decimal parts of such 
ounce; and 

(2) Drugs, when sold by retail, may be sold by a peculiar 
subdivision of the troy ounce, called Apothecaries Weight 
(41 & 42 Viet, c. 49, s. 20) . 

10 


B.-S. A. 
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209. As many questions in Arithmetical papers have reference 
to Troy weight, although with the exception of the Troy ounce it 
has ceased to exist, it is necessary for us to give the Table 

24. grains . . . arc t pennyweight (dwt. - d, wt.}. 

20 (huts, or 480 grains . 1 ounce troy (nr. tr.). 

12 ounces tr. or 5760^; re. . t pound troy (lb. tr.). 

APOTHRCARIES' WRIGHT. 

IQ grains . . . . arc 1 scruple ( )). 

3 scruples or 60 grs. . . 1 drachm (3). 

8 drachms or 480 "rr. . j ounce troy ( J), 


CAPACITY. 

210. The unit of capacity is the GALLON : and is the only stand- 
ard measure of capacity from which all other measures of capacity, 
as well for liquids as for dry goods, are derived. The Gallon is 
defined to contain 10 lbs. weight of distilled water (41 & 42 Viet, 
c. 49, s. 15):— and as i cubic inch of distilled water weighs 152 458 
grains, it follows that 10 lbs. or 70,000 grains of water, will fill 
70,000^ 252458 or 277*274 cubic inches, 

The gallon its multiples and submulliples arc used to measure 
liquids, and some dry goods, as grain, fruit, &c., according to the 
following Table:— 

4 gills . . are 1 pint. 

2 pints . r quart (or quarter of a gallon). 

4 quarts 1 gallon. 


2 gallons . 

4 pecks or 8 gallons 
8 bushels . 


I peck. 

1 bushel. 

1 quarltr (of a Ion). 


for dry 
goods only. 


2ti. Apothecaries' Fluid Measure is founded on the fact that 


A pint of pure water, Weighs a pound and a quarter— 


or 20 ounces. The following is the Table 


60 minims (minima) . are 1 fluid drachm (fL dr). 
8 fluid drachms . 1 fluid ounce (fl, 01.). 


20 fluid ounces . 1 pint (0 ; Octanus). 

s pints ... 1 GALLON (C ; Congius). 
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MONEY. 

212. The unit of money is THE Pound or sovereign. The 
sovereign is made of standard gold, which is composed of ir parts 
pure gold' and i part alloy : 480 oz. troy of this metal are coined 
into 1869 sovereigns, so that a sovereign contain? i23'274... grains 
of standard gold. The other gold coin is the half-sovereign. 

The ^HILLING is made of standard silver, which is composed of 
37 parts puw silver and 3 parts alloy ; 1202. troy of this metal is 
coined into 66 shillings, so that a shilling contains 87-^- grains of 
standard silver. The other silver coins are— the crown or five- 
shilling piece, the half-crown, the florin or two-shilling piece, the 
sixpence, the four*pcnce and the thrce-pcncc, which are respec- 
tively the half, the third and the quarter of .a shilling. Though the 
four-pence is still in circulation, it has ceased to be coined for some 
time. 

The penny is a bronze or copper coin made of metal which 
is composed of 95 parts copper, 4 tin, and 1 zinc ; 1 lb. of this 
metal is coined into 48 pence, so that a penny weighs Joz. The 
other copper coins are the half-penny, and the farthing or quarter- 
penny. 

Tiie following is the Table of Money : — 

2 farthing! . . are I halfpenny . 

\ farthings or 2 half fenct 1 penny. 

U pence I shilling. 

20 shillings . ... I POUND or SOVEREIGN. 

213. Founds, shillings and pence are represented by £, q and d\ 
the initials of the Latin words Libra, solidus , and denarius. Far- 
things are written as fractions of a penny, and any lower sum is 
expressed as a fraction of a farthing, just as if the farthing were 
written as an integer ; thus 2 shillings and 7 pence 3 farthings is 
written m 7 Jr/. ; and 2 shillings and 7 pence 3 farthings and ^ of 
a farthing is written 2 s. 7J j 6 5 . 

The guinea is no longer in circulation ; but we sometimes give 
the name to 21 shillings or ^t. u. 

214. A sovereign is of equal value with the metal composing it; 
for a person may take gold to the Mint, and on having it reduced 


10—2 



148^ PROPOSED DECIMAL CO^VAGE. § 1I+. 

- . - J .. 

to standard gold {212) may have delivered to him an equal weight 
of gold coin, free of charge ; whereas a shilling passes for more 
than its intrinsic value, and a penny for many times its intrinsic 
value. For this reason gold coin is a legal tender to an} r amount ; 
but silver coin only lip to 40 shillings, and copper coin only up to 
12 pence. 

PROPOSED DECIMAL COINAGE. 

215. The following decimal system of coinage has been recom- 
mended by a Committee of the House of Commons, and has re* 
ceived the general assent of those arithmeticians and men of science 
who wish to see the introduction of a decimal system into England ; 
there is little doubt, therefore, that should a change take place, this 
system will be adopted and sanctioned by Parliament. 

In it, the pound or sovereign as at present defined will still be 
our unit of money : its submultiples will follow the decimal system 
and take the names of Jimn, cent and mil ; so that 
10 mils (?«.)= 1 cent {i\). 

10 cents - 1 florin {/.). 

10 florins 1 POUND or SOVEREIGN (£). 

Hence ^25. 7/ 8c, 9//1 may be written ^25789 {140), and maybe 
operated on as easily as the decimal 25789. 

The gold coins will remain as at present, the sovereign and the 
half-sovereign. 

The silver coins will be the double florin, the florin, half-florin, 
2 cents {4\d.) and t cent (zyf.). 

The copper coins will be the 5 mils (ijrf.), 2 mils of J/d) ?nd 
l mil (ii 4 of Jrf.): so that the present half-penny and farthing may 
remain in circulation with their values depreciated 4 per cent. 

216, The great drawback to the proposed system is that no 
sum of money ot the present coinage, except a multiple of 6 d. y can 
be paid exactly in the new coinage, for 1 d, is 4 }m . ; hence a fare, a 
toll, or a stamp of 1 d., must be paid for cither by 4 m. or $m. t that 
is either by \m. too little or by | m. too much ; or 2d. either by 8 m. 
or 9 m., that is cither by Jw. too little or §«. too much, &c.; 
ami therefore in the transition from the present to the proposed 
system there must be considerable inconvenience. 
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UNITED STATES. 

2 ( 7. The weights and measures of the United States differ from 
those of England in the following particulars only: (i) Their civt. 
is really joolb$., and their ton 2000 lbs. (2) Their unit of liquid 
measure is our late wine gallon, and is about | of our standard 
gallon. (3) Their unit of dry measure is our late IViuc/iesler bush:!, 
and is aWiyJij of otir standard bushel, {4) Their money is alto- 
gether different from ours, 

2 [8. Monty . The unit of money is the dollar ; and its sub- 
multiples follow the decimal system according to this Tabic:— 

10 mills («.) = I cent (it.). 

10 cents - 1 dime (d.). 

10 dimes = 1 dollar ($). 

10 dollars ~ 1 eagle (E). 

Dimes are usually expressed as tens of cents, and mills are either 
neglected or expressed as fractions of a cent, so that accounts are 
kept in dollars and cents only: thus, 36*645 dollars is not read 
3E. 6$, 6 d. 4 cts. 5 m. but 36$ 64^. 

The gold coins are composed of 9 parts pure gold and I part 
alloy ; and arc the eagle, weighing 258 grains, the half-eagle, &c. 

The silver coins are composed of 9 parts pure silver and r part 
copper; and are the DOLLAR, weighing 412 k grains, the half- 
dollar, &c. 

The copper or bronze coins are the cent and the half-cent 

TJie dollar is worth 4* zd. nearly, and therefore the cent hi. nearly. 

THF, METRIC SYSTEM. 

219. Formerly ilierc existed in France the same want of uni- 
formity in forming the multiples and submultiplcs of the units of 
weights and measures as exists at the present time in England ; but 
soon after the Revolution of 1789 a Commission was nominated 
consisting of Borda, Condorcct, Monge, Lagrange and Laplace, for 
the purpose of preparing a new system of weights and measures. 
The system they recommended was established by the Legislature 
in 1801, and now prevails in almost its entirety, throughout the 
whole of France, under the name of the metric system. Since then 
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it has been introduced into Belgium, Holland and Switzerland ; and 
lo a greater or less extent into Italy, Germany, the United States 
and England. 

In the formation of the multiples and submultiplcs the decimal 
system is followed exclusively ; the Greek prefixes to any unit 
denoting multiples and the Latin prefixes denoting submultiplcs : 
thus, the metre being taken as the unit of length, 
its multiples are and its submultiplcs arc 

deca-metre, denoting to metres deci metre, denoting ^ metre 
hectometre „ too „ cent'i -metre „ „ 

kilo-metre „ 1000 „ milli-metre „ 1? foj „ 

myna-metre „ 10,000 „ j 

The multiples of the myriametre and the submultiples of the 
millimetre have received no special name. 

220. Length. The unit of length is the MF.TRF. it is also the 
fundamental unit, because from it every other unit of weight or 
measure is derived ; and hence the name metric system. A metre 
is defined to be the ten-millionth part of the distance from the 
pole to the equator measured along the surface of the ocean ; but 
is, in reality, the length of a rod of platinum, deposited in the 
Archives of the State, which is called the standard metre, and 
gives the legal length at the temperature of melting ice. 

221. Surface. The unit of surface is the square metre, From 
Art. 195 we see that- - 

too sq. millimetres - 1 sq. centimetre, 
too sq. centimetres- J sq. decimetre. 
too sq. decimetres = t sq. metre. 

100 sq. metres - r sq decametre , frv , ; 
hence 735*55069 sq. metres is 7 sq. decametres, 35 sq. metres, 
55 sq. decimetres, 6 sq. centimetres, and 90 sq. millimetres, 

In measuring land the square decametre is called the are, and 
the only multiple and submultiple are the hectare (or square 
hectometre) and centiare (or square metre): thus an estate may 
Contain 67834*09 ares, or 678 hectares, 34 ares and 9 centiares. 

The surface of a country is expressed in square kilometres. 
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222. Volume. The unit of volume is the cubic metre. From 
Art. 197 we see that 

iooo cu. millimetres - 1 cu. centimetre. 

1 000 cu. centimetres 1 cu. decimetre. 

1000 cu. decimetres = l cu. metre. 

1000 cu. metres = I cu. decametre , Sr *c. ; 
but the multiples of the cubic metre are seldom used : hence 
345^0342^3 cu. metres is 3456 cu. metres, 34 cu. decimetres, 
259 cu. centimetres and 630 millimetres. 

In measuring wood the cu. metre takes the name of sthe. 

223. Capacity. The unit of capacity is the litre; it is the 
capacity of a cubic decimetre , and therefore the capacity of the 
kilolitre is that of a cubic metre. 

224. Weight. The unit of weight is the gramme : it is the 
weight in vacuo of a cubic centimetre of distilled water at 4 a C. 
that is at its greatest density. Hence the kilogramme is the weight 
of a cubic decimetre of such water, that is of a litre ; and iooo 
kilogrammes, called a millier or tonneau de mer , is the weight of a 
cubic metre of such water, that is of a kilolitre. 

Rut in reality a kilogramme is the weight of a cylinder of plati- 
num whose height is equal to its diameter, deposited in the Archives 
of the State, and called the legal standard. 

225. Money. The unit of money is the franc: it is a coin 
weighing 5 grammes, and is composed of 9 parts pure silver and 
1 part copper. 

The submultiples of the franc are the dedme and the centime , 
which are respectively the tenth and the hundredth of the franc: 
so that 

10 centimes = r decime. 

10 dechnes or too centimes = 1 franc. 

Accounts however are kept in francs and centimes only, so that 
76 85 francs is read 76 francs 85 centimes. 

The gold coins are cohnposed of 9 parts pure gold and I part 
alloy, and are the 20-franc piece, the 10-franc piece and 5-franc 
piece. The legal value of gold is 1 5$ times that of silver, and as 
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the franc weighs 5 grammes, the weight of the 20-franc piece 
= 100 grammes-?- 154=6*45161 grammes. 

The stiver coins are composed of 9 parts pure silver qnd 1 part 
copper; and are those of 5 francs, 2 francs, 1 franc, 50 centimes 
and 20 centimes. 

The copper or bronze coins are composed of 95 parts copper, 
4 tin and 1 zinc; and are those of to, 5, 2 and 1 centime. 

226. We will now give the principal weights and measures of 
the metric system with their equivalents in the English system, 
and from them all the others may be easily derived. 

MEASURES OF LENGTH. 

Mymmetrc= 10,000 metres- <$• a 1 381 miles. 

= 1093*63306 yards. 
i*c>9^i - 
1 39"37 0 <9 inches. 

Hence a .kilometre is about f mile and a metre about of a yard. 


Kilometre - 
Metre 


LAND MEASURE. 

Hectare^ 1 sq. hectometre^ tc.ooo sq. metres * 1*471 14 acres. 

Are = r sq. decametre = too ... = 1 19*6033! sq. yards. 

Centiare = 1 ... = 1*19604 

Hence a hectare is about ii| acres and an are about 4 jtmdies. 

MEASURES OF CAPACITY. 

Kiln I it re = 1000 litres = 1 cu. metre = 22 0 oqdfit) gallon*. 

... , . f 11010 ... 

Litre = 1 , , a 1 cu. decimetre = j 

1 t '76077 pints. 

Hence a litre is about , quart or 1 j pints. 


WEIGHTS. 

Jr cu. metre <>fj = i9'684ti ewis. 

’ (distilled water! = 2104*6212 lbs. Av. 
(00,000 -j’j ... -120*462 1 2* ... 

J’lO+fir 

543* ' 34*7 grains. 

1 = t cu. eentim. = *5 ‘+3*35 ... 

Hefirc a tonrie.ru de nier is a little less than a ton, anil a kilogramme about 
** lb, Av, 


Miltier or 
Tonneau de i 
Quintal 

Kilogramme 

Gramme 


t cu, dccim. 



CHAPTER X. 

REDUCTION AND THE COMPOUND RULES.— INTEGERS. 

REDUCTION. 

227. The unit of any quantity, its multiples and submultiples, 
are calfcd its denominations; thus, of length, the mile, furlong, 
yard, foot, Sc. are its various denominations. 

The highest multiple and the lowest submtiltiple are called 
respectively the highest and lowest denomination of the quantity: 
thus, of length, the highest denomination is the mile, and the 
lowest the inch. 

When a quantity is expressed in one denomination only it is 
called a simple quantity — as 7 yards; £$ ; 36 gallons. 

When a quantity is expressed in several denominations it is 
called a compound quantity —as fj. 9*. 2\d. ; 1 5 days 17 h. 25 m. 37 s. 

228. Reduction is the process by which we express (1) a simple 
or a compound quantity in terms of its lower denominations, or 
(2} a simple quantity in terms of its higher denominations. 

229. I. To express a quantity in terms of Us lower denomina- 
tions. Descending Reduction. 

For example, express 14. 6j{ in farthings. 

£. s. d £. s. d 

47.>4.6f 4 7.14.6! 

20 954 ,* >2 

954 1J454, x 4 

\z 45819 farthings. 

11454 

4 

45819 farthings. 

Since £\ is aor., £47 is 47 x 3<w. or 940*., and £4]. 14J. is 940 + 14 or 

954*.; that is, wc multiply 47 by 20 and add 14. Again since 1 f. is liii., 

954 f * ’* 954 x uif. or 11448.1'., and 954s. & 1 , is 1 1448 HS or 114541/.; that 
is, wc multiply 954 by 11 and add 6 . 

In tike manner to reduce to farthings, we multiply 11454 by 4 and arid 
3. giving 4f.8ijyC; hence 


£47. 14. = 4 j 8 u/ 
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And as a process similar to the above may be pursued in all 
cases of descending Rfcduction, we have the following Rule : 

Multiply the number in the highest denomination by ti/e number 
which (tils how many 0/ 1 he next lower denomination makes one of 
the highest, and add in to the product the given number of that 
lower denomination {if any), and continue the process till we come 
to the denomination required, 

230. II. To express a simple quantity in terms of its higher 
denominations. Ascending Reduction. 

For example, reduce 45819 farthings to pounds. 

4 ) 4 S 8 t 9 
12 )_JJ 454 i_ _ 

20 ) 95 . 4.611 
~LM' r 4 H 

Since 4/ is 1/ there arc as many pence in 45819/ as 45819 contains 4; 
but 45819 contains 4, 1 1454 times and 3 over ; therefore 45819/. is 11454?! i. 

Again, since 1 id. is tr. there arc as many shillings in 11454 d- as 11454 
contains 12: but 11454 contains m, 954 times and 6 over; therefore 11454 d, 
is 95V- W. and 45819/ is 9544. 6?t/. 

Lastly, since jar. is £t there are as many pounds in 9541. as 954 con- 
tains 10 : but 954 contains 10, 47 times and 14 over (53) ; therefore 9541. 
« f.M< tV and 45819/ is £47. 14*. 6j,/. 

And as a process similar to the above may be pursued in all 
cases of ascending Reduction, we have the following Rule : 

Divide the number in the given denomination by the number 
which tells how many of this denomination make one of the next 
higher denomination , setting down the remainder as of the same 
denomination as its dividend: and continue this process till we 
come to the denomination required. 

ft 

231. Proof. Reduction descending and ascending are inverse 
processes ; if therefore we perform one process on a given quantity, 
and on the result the other process, we ought to get the original 
quantity. Thus, if by the descending process we find that 
^47, 14. 6J is 45819/, we ought by the ascending process to 
find that 45819/ is ^47. 14. 6 ?, 
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§ 331 - 

Hence ever)’ example of Reduction with its Proof is an example 
of both processes, and gives at the same tirfte a guarantee for the 
correctness of the work. 


Ex. 1. Reduce 365 days 5 h. 48 m, 51 s. to seconds. 


da. h. in. s. 

5 48 51 Proof. 

1095, 24 

8765, x6o 
525948, x6o 
31556931 sec. 


6p ) 3J5j6?3,« 

6p ) 5 2594,8 ... 5 1 s. 

^ | 8 ) 8765—48 m. 

24 < 3 )j 095 --$h. 

365 d. 5 h. 48 m. 51 s. 


Here we first multiply the numtar of days by 24, or by 3 and by 8 in suc- 
cession, adding in 5 to the ucond product; thus giving the number of 
hours. 


Ex. 2. Reduce 993629 ounces to tons. See. 


, t 4 ) 993629 
16 ( 4) 248407... 1 


Ions, cwtS. qr- lbs. OL 

Proof. rj 14 1 25 13 
954 . *4 


,4)62101... 130*. 

28 i 7 ). 15525 - 1 
4 ) 2217 —25 lbs. 

2 ) 0 )S 5 , 4 -‘qr- 

27 ions I4cwt. 1 qr. 25 lbs. 1 3 oz, 


22 t 7 > * 7 ) 
i55»9> *4) 28 
62101. M| T , 

248404, X4 ) 10 
993629 oz. 


4 iyi. There is a difficulty attending the application of the above 
Rule in reducing yards to poles and square yards to square poles, 
which we shall now explain. 

To reduce yards to poles we have to divide by 5$ ; but since 
5^ yds. is 1 1 half-yds., we multiply the yards by 2, and divide by 1 1, 
the remainder being half-yds. ; and note that 1 half- yd. is ft. or 
1 ft 6 in. 

To reduce square yards to square poles wc have to divide by 
30J ; but since 30} sq, yds. is 121 qr.-sq, yds. we multiply the 
sq. yds. by 4 and divide by 121, the remainder being qr.-sq. yds.; 
and note that 1 qr.-sq. yd. is 2J; sq. ft. or a sq. ft. 36 in. 
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Ex. 3. Reduce 606651 inches to miles. 


12 ) 6o66j 1 
3 j' 50554 -3 in- 
1683]... 1 h- 
2 

11 ) 337 ^ 

4,o )jo 6 . 3-9 hf-yds. or 4 yds. 1 ft. 6 in. 
8 P- t ft. 3 in. 

9 m. 4 f. 23 p. 4 yds. 1 ft. 9 in. 


The remainder yi dividing 
by ri is 9 h;d f yds., nr 4$ yds. 
or 4 yds. i ft. 6 in., and this 
added to the previous re- 
mainder, i ft. 3 in., ^ives a 
final remainder,) vds. i ft. 9 in. 


Ex. 4- Reduce 37543473 sq. inches to acres. 


H 4 


II! 


i a ) 37 M 34 73 
11 ) 31 28611 .,. 9 
9 ) 160718... fit in. 

28968... 6 ft. 

4 

in) H5872 

t 11 ) io?33- 9 

40 | 95,7-. .75 qr. yds. 01 18 sq. yds. 6 ft, 108 in. 
4 ) 13 ...37 p. 6 ft, 81 in. 

I A. 31. 37]). 19 yards 4 ft. 45 in. 


The remainder in dividing by 12 1 is 75 qr.-yds., or rSjj sq. yds. or 
t8 sq. yds. 6 ft. tofi in.; and to this we add the previous remainder, 
6 ft. 81 in., giving the final remainder 19 sq. yds. 4 ft. 45 in. 


233. There are some cases in Reduction where we cannot pass 
directly step by step from the given denominations to the one 
proposed. Wc must In such cases pass through an intermediate 
denomination common to both, and it will be advisable to keep 
such common denomination as high as possible. 

Ex. 5. Reduce ^25. i6x. 6 \d. to francs of 9^/. each. 

Here the common denomination is 
half-pence: but ^25, 16, 6} is 12397 
half-pence, and i franc is 19 half-pence ; 
we therefore reduce 12397 half-pence to 
francs by dividing by 19, and the result 
is 6ji francs with 9 half-pence or 4^. 
over. 


L a <t. 
25 . 16 . 

Ji6 1. 

6198 4 , 

*9 > 1 J 397 ( fr. 
99 
47 

9 = 4 ^- 
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Hx. 6. Express i cwt. i qr. 25 lbs. in Troy weight. 

Orts. qn. |bs. 

• i. 1 2 5 As Troy weight now consists simply 

x 2 8 ° r ounces troy of 480 grains, the 

165, x 7000 common denomination is grains ; we 

f 8 ) 1 155000 grs. therefore reduce 1 cwl. 1 qr. 45 lhs. 

3 ) >4 4375 10 ami then express the re- 

2,0,) 4812 J su,t >« Troy ounces by Reduction 

24*6 oi. tr. 120 grs. ascending. 

Exercise 30. 

Reduce each of the following compound quantities to its lowest expressed 
denomination, giving the proof in each case:— 

'• &}&' > 3 * f J £»* 7 - 8J ! 19. 1 if; £879. ,g. 

*• tla - »9 *• 43 min. 5; s. ; 43 weelcs 5 h. 49 m . gy s . 

3. 7 miles 5 f. 31 p. 4 yds. ; 15 for. 39 p. 3 yd s , j ft. 8 in. 


4 - 

J 5 miles 6 for. 1 7 p. 4 yds. 310.; ,5 miles 459 yds. 3 1 in. 

► 

17 acres 15 p. 45 yds.; 

3 roods 17 p. iryds. 8ft 

6, 

8 acres 7 r. 34 p. 3 ft. 

7 * n - 1 53 acres 4 r p. 8 ft. j 45 in. 

?• 

6*5 CU. yds. 19 ft. 1609 in. ; 1-67 cu, yds. 14 ft. 999 in. 

8. 

89 tons 17 cwt. 17 lbs. 

>50*-; 1 8 cwt. 73 lbs. 9 dr. 

9 - 

j or. tr. *8 q grs. 

19 lbs. 8 or. i4dwls. 17 grs. 

10 

n 

p 

3 

it. 

95 gall- tpt- s gills j 

54 qrs- 7 hsh. 6gall. 

12. 

7 ? yds- 3 qrs. 3 ul. * 

n-5 42510ns 19 cwt. loolbs. 1502. joogrs. 

Reduce each of the following simple quantities to its highest denomina- 

tion. 

pvjng the proof in each 

cn$*: — 

* 3 - 

34 ? 679 i/.; 

987653 halfpence ; 130013 farthings. 

* 4 - 

1,000,019 farthings; 

1 ,000,000 min. ; 4568657 sec. 

■ 5 - 

3055709 sec. ; 

45431245 see,; 168543 in. 

id. 

1847638 ft.; 

57383 yds. i 31 16J49 * n - 

■»* 

786543**1- in.; 

1 *563157 sq. in. ; 657345 sq. ft. 

■1. 

895487*1- jnk; 

10,000,000 sq. in. ; 25607809 sq, in. 

'!)■ 

986877 cu. in. j 

*0995 10 cu. in.; 87654 lbs.; 

10. 

3785390*.; 

*693539 d rams i 40,000,000 grs. 
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ii. 415095 grs. of gold ; 881743 minims; 1879 pints. 

as. 1435J gills; 4357 gallons of wheat ; 97334 pints (dry). 

33. Find the number of ounces troy in Three hundred millions three 

thousand eight hundred and forty grains of gold. * 

34. Find the number of miles, furlongs, &c. in Fifty millions five thou- 
sand six hundred and ninety inches. 

15. Reduce 347 guineas 1 yr. 8^/. In half-pence; 54 £ guineas lo six- 
pences. * 

16. Reduce 5345 crowns to threepences ; 1356; florins to half-crowns. 

37. Reduce £35. 18. 9 to thalers of 3/. each; ^443. 16. 8 to 
dollars of 4;. nl. each ; /137. 13. to francs of 9W. each. 

38. Find the number of square yards in a square mile; and then find 
how many perches there are in a square utile. 

29. Reduce 1897 inches of cloth to yards, &c. Express 988 feel in cloth 
measure; and 34 ells 4 qrs. 3 sis. in yards, &c. 

30. Express 3 cwts. 3 qrs. 17 11 *., 5 cwts. 18 lbs. 14 or. in Tr. ounces. 

31. A cash-box contains 89 sovereigns, 35 half-sovereigns, 19 half- 
crowns, 2} florins, 31 shillings and 15 sixpences: find [he sum of all these 
coins in pence. 

32. What will a penny a minute amount to in a year of 365 days (5 lirs.? 

33. A child can paper 1 pin in 1 second; how many pins can it paper 
in a working week of 52$ hours? 

34. How many seconds jre there from 6 A.M. Jan. 1 to 6 A.M. Feb. r; 
from 8 A- St. 3 Mar. to 9 P.M. it May; from to A.M. 15 June to 7 A.M. 
8 Dec.? 


COMPOUND ADDITION. 

234. Compound Addition is the operation by which wc find 
a single quantity which is equal to two or more quantities of the 
same kind put together. 

This single quantity is called the sum of the given quantities. 

235- We proceed upon precisely the same principles in the 
Compound that wc do in the Simple Rules, and the only difference 
in the corresponding operations is this— that in the Simple Rules 
10 units of one order always make 1 unit of the next higher order, 
whereas in the Compound Rules the Relation between two sue- 
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cessive orders is never uniform, but has to be sought from the 
Table of the quantity under consideration. 

Making then the necessary alteration for this difference, the 
following Is the Rule for Compound Addition 
(l) Wnie down quantities under one another, so that units of 
the same denomination may be in the same vertical column , and 
draw f] line undernealk. {2) Begin at the first column on the 
right , and find the sum of the numbers in that column; reduce the 
sum to the next higher denomination ; set down the remainder 
under the column and carry the quotient to the first figure of the 
next column. (3) Having carried thus, find the sum of the second 
column : reduce , set down and carry as in the first column , and 
proceed in this way through all the columns:— 


Proof. The proof given in Simple Addition (25) is equally 
applicable in Compound Addition. 


Ex. 1. Find the sum of £125. 14. 9J; £yS. 9. ; £267. 18. 7^; 
j£ 49- T3- 6; /tJ 7 . 19- nf and £ty. 12. 5J. 


£■ 

12$ • 
3 6 • 
267 . 
49 
157 • 

87. 
725 • 


Begin at the first or farthings column, and say j, 6, 8, 11 ; now 11/ is 
■i 3 f] set down £<4 and carry j to the first figure of tha second col umn . 
For the second column say— 7, 18, 44, 31, 34, 43; now 43^. is 3 s. id . ; 
set down 7 and carry 3 to the : 4 of the next column. For the shillings 
column say— 15, 34, 47, 63, 74, 88 ; now 88x. is £4. 8r. ; set down 8 and 
carry 4 to the 7 of the next column : and now add the last column. Thus 
W« have ^715. 8. 7$. N.B. We may if we please add up the shillings in 
two columns, but this is not advisable. 


Proof Begin at the top of each column and add downwards ; 
we shall get at each step the same result as before. 


236. In the addition of yards and $q. yards, and the subsequent 
reduction to poles and sq. poles, the same difficulty occurs as in 
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reduction (232) : we must express the ha If- yard over as 1 ft. 6 in. 
and the quarter, half, and three-quarter sq. yard as aft. 3610., 
4 ft. 72 in. and 6 ft 108 in., and perform a second addition. 

po. yds. ft in. ac. r- pc. yds. It. in. 

Ex. 2. S 3 2 8 Ex. 3. 33 IS 20 3 31 

8019 7 2 18 32 6 15 

IS 4 I 10 i 1 25 31 8 25 

10 1 2 3 3 _o_ 3+„ ?7 7 »« > 

39 4 2 6 15 0 '5 3*17 27 

_i 6 h 36 

39 S I O Ij 0 Ij 23 0 63 

In Ex. 2 the sum of the yards is 10, and 10 yds. is 1 po. 4} yds.; we 
therefore set down 4, and for the Js yd. we write down 1 ft. 6 in. for a sub- 
sequent addition. 

In Ex. 3 the sum of the square yards is 11 a, and in sq. yds. is 
3 sq. po. 1 1 J sq. yds. ; we therefore set down 2 1 , and for (he } sq. yd. we 
write down 2 sq. ft. 36 sq. in. for a subsequent addition. 

237. If the lowest denominations of the given compound 
quantities be mixed numbers, we add separately first the fractional 
and then the integral parts of such numbers {120, Rk, 3). 

We will again remark that though farthings are written as 
fractions of a penny, and are pot in the same column as pence, 
thus avoiding a fourth column, they arc to be considered as whole 
■numbers, just as much as pence or shillings. 

Ex. 4. Find the sum of the two sets of quantities written down 
below:— 

£. ■* d. Oi. dwts. gn> 

(0 25.16. 7$ij j 6 (2) 5 16 Ijg ,6 

8 - 14 • 2| I ij I 14 23 | , s 

*7 ■ 1* 1 7 oft , 4 

3i < 2 , » 2 4 21 ft » 

19 . 19 , io£| ,9 3 19 8 1 >g 

86 . 10. iiia «i 14 15 m t 3 

In (1) the lowest denomination consists of i{/„ 3$/, / f /, j( / and 1 £/, 
The L.C.D, of the fractions is 24, which write down as a denominator in 
the nvr, and at the side write down the numerators of the equivalent frac- 
tions; add these numerators giving 83, that is {| or 3^; set down H and 
carry 3 to the farthings, and proceed in the usual way. 



§ * 37 * 


COMPOUND ADDITION. 


i6t 


Exercise 31. 


t, , *• 
i- 7305 . 14 

51 } • * 
8-3? ■ '3 
5920 • i( 
67 . 5 
_S# • i/ 


d 



7 * 


£■ *■ J- 

1287 • 14 * 7S 
3*79 - '7 • 4 ? 
>9 • 1 9 ■ J, i 
9<56 , 10 • 34 

+594 • J 3 • 8 

JELlJ.lJ* 


£ '■ *■ 
14376 . IS . 10 * 
19038 . 18 . 1* 
15976 . 11 . 5 

10731 . 17-84 

32147 • 11 • ® 
4 3275 , 9 . » ij 


4. Add together ^456. 14. 8*, £9. 16. .*£, ^83. '8. ioi, £ty. tp. J- 
£6*6. 7. 9l, /& IS- 64. ^3548* >9- 9 i ^95- 8- 


5. Add together £ 8 . 19. toj. ^1379. 17- < 5 & #* 97 - '6- 9 i 
^89. 18. n, if+ 357 - 8- ni, £52765. >f- 8J, and^ 99 - ‘ 9 - »'!• 


lbs. W- grs. 
6. 9 15 135 

18 1 1 96 

6 13 3155 


ij 9 191 
5_ 1 4 4°° 


Ihs. 

OJ. 

dwts. grs 

•3 

9 

•4 

11 

6 

7 

18 

t6 


11 

(6 

»9 

10 

6 

17 

23 


10 

if 

J 2 ? 


yds qrs. nil in. 

ll. 5 1 1 1 

3 0 » 1 


6311 


,10 0 1 


days h. m. 

s. 

j. 18 18 35 

47 

9 21 29 

5 | 

8 n 54 


6 23 39 

49 

>3 1 $ 59 

28 

7 20 46 

59 

poles yd*, fl. i 

in. 

8. «S 4 2 

? 

18 3 I 

6 

9 I 0 

8 

33 4 1 

3 5 2 

JO 

_7 


cwi*. qrs. lbs. at. 

7. 14 1 15 II a 
6 3 { 9 »4 
3 0 21 11 
8 1 16 15 
10 3 »8 9 

O O. fl.0j.fl.dr. m. 

10. J 5 18 7 10 

7 13 « 45 

‘4 9 3 '? 

1 o 19 5 jo 

3 56 30 


ells qrs. nk in. 

.3. 3 4 I 1 *4- 

201 
4411 
3 3 1 

1 2 r 1 


mo. wk. d». h. m. 

16. t8 3 6 I? 43 ' 7 - 

ro 1 4 *3 37 

6 0 S 43 55 

n j 0 19 28 

8 1 3 35 48 

7 1 4 5 0 37 


fur. po. yds. 6. 

19. 3 «5 3 » 


tons ewKqrs. lbs. nr. 

2{ *8 2 

17 n 

to 16 I 

21 to 

8 17 3 

26 14 

14 '5 2 

19 9 

37 '9 3 

17 *5 

gall. qts. pts. Kills 

ii- 57 3 

1 3 

38 r 

i 2 

45 « 

0 3 

26 3* 

0 3 

18 2 

1 1 

qrs, bsh-pk-Kull. 

>9 6 3 

t 

38 7 t 

1 

«t 4 3 

0 

4 7 3 

1 

32 5 ^ 

0 

yis. dys, h. 

m. i. 

6 84 13 

34 43 

7 119 it 

45 28 

3 2?3 9 

5 * '7 

9 65 16 

28 36 

5 3+3 «* 

18 24 

8 95 « 

55 49 

W ile*f. 

p. yds. 

10- 3 7 

3 » 5 

9 3 

13 1 

6 

H 5 

8 5 

17 4 

6 4 

JLA 


B.-S. A. 
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per, yds. ft. in. 
II, J 1 3 $ 8 136 

16 18 3 67 
9 36 5 45 
30 15 8 1 19 

6 9 7 1 6 
Find the sum of 


rds, per. yds. ft. in, 
n. 1 36 34 * *9 

1 ij 5 j 90 

jjs jo 8 70 
i >8 »9 5 "5 

3 ° *5 6 63 


cu. yds. ft. in. 
* 3 - 37 *5 *<^4 
86 21 695 

9 «3 * 55 * 

i+ 8 924 

10 if 1688 


14. 16 cwt. 91 ib. 14 oz. 15 dr., 19 cut. 68 Hi. 11 or. n dr., 9 cwt, 
871b. not. 14 dr., 14 cwt. 1031b. 13 oz. 10 dr., an^ 18 cwt. 95 lb. 
10 oz. 13 dr 

15. 9 lb. ra oz. 130 grs., 3 Ib. 10 oz. r*5 grs., 5 lb. 13 oz- 189 grs., 
8 lb. 14 oz. 365 grs., and 7 lb. 1 1 0/. 420 grs. 

36, 17 miles 3 f. 130 yds. 3 ft., ig miles 6 f. 73 yds. t ft., 10 miles 
5 f. 9 j yds., 9 miles 4 f. 319 yds. 1 ft., and 1 a miles 7 f. 37 po. 1 ft. 

a;. 47 ac. 3 r, 17 per. 15 yds., 39 ac. t r, 36 p. 34 yds., 36 ac. 18 p, 

19 yds. , 9 nc. 1 r. 35 p. 10 yds., ami 3 roods 9 p. 1 2 yds. 

?8. r 4 . 4H. j ft- 0, toH> £}■ > 5 - 7<i> £u- 9. 3 ! 4 . 

£t. 13- 6tf> and^j;. 17. 7A& 

* 9 - £*• 3 ii i8r- loir- £:• 3 - 7 $!. V- *> 4 i> I 5 *< o 4 Vj 
and ^3. 6. 9iJ. 

30. £i$. 16. 3J1V ^16. 17. lojy,, £7. ij, 6JJ, j£n. 9. ji|J, 

94 W, and £b. 10. 8|J. 

31. 13 cwt. 31 lb. 13! oz., 3 qrs. 18 lb. 9,’, oz., 35 lb. i$l oz. 

1 qr. 13 lb. 3^| oz., 3 qrs, 11 lb. laf oz., and 4 cwt. 8 lb. i$\ oz. 

31, 13 poles 4 yds. 3 ft. 8J in., 17 po. a yds. 6$ in., 3 po, t ft. 7/, in. 

• 5 po- 5yds. 1 ft. ri^in,, 6po. 4yds. aft. lofcin., andaopo. 3yds. jJJin 


COMPOUND SUBTRACTION. 


238. Compound Subtraction is the operation by which wi 
find what quantity is left when a smaller quantity is taken fron 
a greater of the same kind. 

For the terms used in Subtraction see Arts. 26 and 27. 


239. Making the alteration spoken of in Art. 235 in the Rul 
for Simple Subtraction, we have the following Rule for Compouni 
Subtraction 

(l) Write the Subtrahend under the Minuend, to that units c 
the same denomination may be under on^another, and draw a tin 
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below. (2) Begin with the lowest denomination and subtract each 
number in the Subtrahend from the one above it, and place the 
remainder immediately below; and if in any case the number 
in the Subtrahend be greater than the one above it, add to ike latter 
' the number which tells how many of its denomination makes one 
of the next higher , and then subtract \ taking care to add 1 to the 
next number in the Subtrahend. N. B. In borrowing we may 
sometimes fan j it more convenient to subtract the number in the 
Subtrahend from the number which tells how many of its de- 
nomination makes one of the next higher, and then add the 
number above it {124, Ex. 1). 

Proof. The methods of proof are the same as in Simple 
Subtraction (31). 


Ex. I. Subtract ^17. 8. 5$ from ^25. 14. 9$. 


•sj 

•jj 
R . 6,4$ 


17 ■ 


Here every number in (he Subtrahend is less than the 
number almve it in the Minuend ; we have therefore only 
to subtract and set down. 


Ex. 


* 3 - 

16 . tof 


Subtract & 45 - 1 7 - 8$ from ^525. 14. 7$. 

£ Begin wiili the farthings: as wc cannot lake 3 from 1 
c borrow 4 (for \f. is \<t.) giving 6, and 3 from 6 is 3; 
set down \d. and carry 1 to the pence. For the pence: 
8 and 1 is 9, but as we cannot take 9 from 7 we borrow 

13 (for nd. is ir.) giving 19, and 9 from 19 is 10; set down 10 and 
carry 1. For the shillings: 17 and 1 is 18, but as we cannot take 18 from 

14 wc borrow 10 (for iOl- is £1} giving 34, and 18 from 34 is id; set down 
16 &.1 carry 1. For the rest proceed as in Simple Subtraction. 

Or wc may proceed thus : 3 from 4, 1 , and a (added) 3 ; set down fa 1 , 
and carry 1. 9 from la, 3, and 7 (added) to; set down 10 and carry 1, 
18 from 10, 3, and 14 (added) 16', set down 16, &c. 


Ex. 3. From 15 po. 3 yds. 3 ft. 3 in. take 8 po. 4 yds. I ft. 9 in. (See 
Art. 236.) 

po. ydi ft. in. 

I j 3 1 3 Here when yre come to the yards we say 4 

8 4 1 9 from is ij, and 3 is 4$: set down 4, and for 

5 ^ the half-yard write down 1 ft. 6 in. to be sub- 

-p 1 - sequeatly added. 


II— 2 



1 64 COMPOUND SUBTRACTION § 139. 

Ex. 4. Find the difference between 35 sq. po. 14 yds. 6 ft. 81 in. 
and 13 sq. pa. 25 yds. 7 ft. ioSin. (See Art. 236.) 

sq. po. yds. ft. in. 

35 14 6 81 When we come to the sq. yard!., we say 26 

13 2 ? 7 tq 8 from ^0} is 4J, and 14 is 1 8^ ; set down 18, and , 

21 7 !, 7 for the quarter sq. yd. write down 7 ft. 36 in. 

- - — •• to be subsequently added. 

21 19 1 9 

240. If the lowest denominations of the given coinpound quan- 
tities be mixed numbers* \vc subtract separately first the fractional 
and then the integral parts of such mixed numbers (125, 1). 

Ex. 5. Subtract £yi. 17. 95J 3 from ^87. 14. 2! J. 

Ex. 6. From 15 cuts. 1 qr. i6 : i lbs, take 8 cwts, 3 qts. 25 Jibs. 

£ t. J. twtv qt». Uis. 

37 . 14 • 2H is 15 1 16? i} 

P . 17 : '5 8 3 2 St <8 

54 • 16 . .;} J- 6 3 18^ 

Here the i„c. t>. of the fractions is 35, which write down as a denomi- 
nator in the remainder, atxl at the side write down the numerators of the 
equivalent fractions, ?8 and 15. In Ex. (5) we say 1 j from 18 is 13 and 
set down Hi and proceed in the usual way. In Ex. (6) as we cannot lake 
18 from 15 we borrow 35, for j| is 1, and say 28 from 3; is 7, and rj is j j 
(»4i Ex. 1) : set down ||, and carry t to the whole number 15 in the Ik., 
and prexteed as usual. 

Exercise 3:. 

Find the difference between 

^ 3 i* 8 . 9. (5 and £95. J4, 8$; £536. 8. 7$ and £89. 13. 9J; 
£20 and 31. loj.a'. 

1. ^837. 14. i\ and £358. I g. 6| ; £M. 15. 9 | and 18. uj; 
£2 and 2^. 

3. 73 guineas 91. }Jr/, and 47 guineas i6r. 8|<£ 

4. From 1000 guineas take the sum of £131. 9. 2 1 and ^457. B. jJ. 

j. What i, the final remainder in taking £539, 17, 84 as many times in 
succession a* possible from £457. 13, <jj t 

6 . From (he sum of £iy tfi. 94 and ^19. 1*. 7I lake the difference 
between/^, 8. 64 and ^37. 13, 8j. 
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lbs, ot drs. cwt. qrs. lb*, m. tuns cwl. <jr. lbs. o*.’ 

7 - <3 9 io 8. 14 i 15 8 9- 15 rj 1 5 6 

6 i| U 7 » 17 11 n rj 3 9 ii 

lb*, w. dwts.gr*. C. 0 . fl. at. fl.dr. m. gall, qts.pt. gill, 

■ io. 10 6 9 ia 11. 6 3 it 1 ij 12. 57 i 1 i 

15 9 ^ ij> *61754*1 *6313 

yds, qfs, nl. i». ells qrs. nl, in. lds.qrs.h5K.pk.g1M, 

13. 9 i >4« 5 * 1 1 15 - 7 3 5 * 0 

3 3 3 * * 4 1 3 3 4 7 3 1 


days h. m. s. mo, wk. dx H. m. yrs. da. h. m, s. 

16. 18 r8 35 47 17. 10 t J 14 18 18. 7 119 13 26 17 

53 . /** 4 1 .54 6 4 4 19 37 3 *73 18 34 *9 


po. yds. ft. in. fur. po. yds. ft in miles f. p. yds. 

* 9 - 9 1 0 8 ». 5 15 3 J 4 *i. *9 3 *3 * 

4 i 1 n 1^4 1 9 7 6 31 4 


per. yds. ft. in. roods per. yds. ft. in. cn, yds. ft. in. 

22. 32 18 3 67 13. 2 16 9 3 49 24. 87 8 924 

20 13 8 8ft 23 18 7 90 3$ 13 1688 


Find the difference between 

15. 5 poles and 3 yds. 3 in. ; 47 acres j r. 18 per. ij yds. and 24 ac. 7 r. 
31 per. 17 yds. 

26. 19 cwt. 68 lbs. 10 02. 7 dr. ami ij cwt. 103 lbs. 1+ oz. 10 dr. 

27. 9 lbs. 9 oz. 113 grs. and 4 lbs. 14 02. 347 grs. 

jfj 60 oz, Troy and to, 000 grs. ; 8 lbs. and 50,000 grains. 

19. £ 37. r + . sii and £24. 9. 8fJ ; £9. 6. 3^ and 18;. 8$$f 
30- ^3- 17. 7 ?y*r and £1. 19. loiHi 3 cwt - 1 <| r - 7 i r i lbs- and *4rlbs. 
31. 3 fur. 15 po. and 4 po, 3 yds. in. 

3). 11 oz. 1$ dtvts. i6/ r grs. and 18 dwts. nJi grs. 

33, What is left out of 1000 guineas after paying £200- 19. 9J to 
one person, ^457. 13. 8jj to another, and £73. 16, ij to a third? 

34. A man receives £4 6. 8. 7$, £%fo 16. 8J, 45 guineas and £117. 

14, 6} and then pays ^53. it. Jj, £ 9 j. 9. 4$ and £197. 15. 8|; how 

much will he have remaining o^er? 
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COMPOUND MULT I PI J CATION, 

241. Compound Multiplication is the operation by which 
we find the sum of a compound quantity called the Multiplicand, 
repeated as many times as there are units in a given number 
called the Multiplier. The sum found is called the Product. 

Hcncc the Multiplier is an abstract number,— a numoer of times; 
and the Product is a concrete number of the same kind as the 
Multiplicand. 

242. CASEl. When the Multiplier is not greater than 12. 

Here, while proceeding on the same principle as in Simple 

Multiplication, we must make such modification as the circumstance 
mentioned in Art 235 requires; and we have then the following 
Rule:- 

(i) Write the Multiplier tender the lowest denomination of the 
Multiplicand and draw line below. (2) Beginning with the 
lowest denomination multiply each of them in succession by the 
Multiplier , and reduce , set down , and carry precisely as in Com- 
pound Addition, 

Ex. 1. Multiply ,£325. 13. 6$ by 7. 

4 *• f- Here we say 7 times 3 is 2 1 , and up is 5$/. ; set 

3*5 ■ *3 ■ ♦ down \d. and carry 5. 7 times 6 is 43, and 5 carried 
«*7p — 14 — i ll ' s 47' an d 47<f is y. 1 1 d . ; set down 11 and carry 3. 

7 times 13 is 91 and 3 fa 94, and 94 s, is j£f. (41. s set 
down 14, and carry 4. And now proceed as in Simple Multiplication. 

243. Case 11 . When the Multiplier is the product of two or 
more numbers each not greater than 12, multiply by each of 
those numbers in succession, and the last result will be the Product 
required (36). 

Ex. 2. Multiply 1 tons 8 cwtB. 3 qrs. 13 lbs. by 96. 

Since 96 fa 8 . n or 1 1 . 8 we may first multiply by 8 and the result by 11 ; 
or we may first multiply by 11 and. the retfk by 8; thus 
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cwt, 


lbs. 

!3 

8 


19 10 3 20 

[2 

234 it o [6 


ions cvm. qrs. lbs. 

2 8 3 13 

12 

29 6 1 16 

8 

234 11 0 16 


244. Case III. When the Multiplier exceeds or falls short of 
a product within the table by a number not greater than 12, 
multiply by such product (Case II.) and then by this number and 
adil or subtract for the required Product (62, 63). 


Ex. 3. Multiply 1 17. 8. by 139. 

Since 139 is 131 + 7* or 144 - 5, we may multiply by iji and then by 7, 
and add. or we may multiply by 144 and then by 5, and subtract. 


£r 

17 


d. 

5} 

12 


209" . 1 . 3 
n 


2299 . 13 . 
121 ■ 19 . 
2421 . 12 . 


9 product by 132 

oj 7 

9l '39 


209 . 1 . 3 


2508 . 15 . 0 product by 144 

J7 • 2 • 2 } _5 

2421 . 12 . 95 139 


245. Case IV. When the Multiplier is a number beyond the 
range of the table. 

For example suppose the Multiplier to be 2479. Let us multiply 
the given quantity by to 3 times in succession ; the first result will 
give the product by 10^ the second by too, and the third by^cw; 
row let us multiply the given quantity by 9, the first result "by 7, 
the second by 4, and the third by 2 j in this way we have found 
the products of the given quantity by 9, by 70, by 400, and by 2000, 
and the sum, of these partial products will give the Product 
by 3479 (4i> 

We have then the following Rule 

Multiply by ro as many times in succession as there an figures 
*in the Multiplier less t ; then multiply the Multiplicand by the 
unit d figure of the Multiplier, the first product by the tens figure, 
t!u second product by the hundreds figure. The sum of these 
fiarded products will give the Product required . 
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Ex, 4. Multiply £3. ' 5 * 2479 * 


£. s . < t . 

£. s . 



3 *5 ■ 7 i x 9 — 
10 

34 . 0 , 

9J product by 9 

37.16. sJx ? = 

TO 

364 . 15 . 

2j . 

70 

’378 - 4 ~ 7 x 4 = 
to 

1512 . t8 . 

4 

400 

1: 

3782 . 3 . to X 2 = 

75 6 4 ^ J t ; 
‘9376 . 6 " 

8 . 

..,.1*- 2000 

2479 


When the Multiplier is a large number, as in this Example, and 
we are told to proceed by Compound Multiplication, the following 
is the simplest method. 

£■ *■ <*• 4)7437 

3 • 15 • 7? 1859 K 

2479 > 73*3 

9376 . 6 . oj it ) J9tl« 

160 r ... Oil. 
t* 3 'J£ 

*479 
*o ) 38786 
1939 ... fir. 

7437 

£wfi 

We first multiply 3/. hy 1479 giving 7437/ or tS^. and i <!., set down 
\d. and carry 1859^. to the pence: then multiply 7 d. hy 1479 at 'd a, ld in 
1859, giving or rftet /. and o-L, set down od. and carry ifior to the 

shillings : then multiply 15/. by 4479 and add in ifiot giving 38786;, or 
/1939. fir., set down 6 r, and carry 1939 lo the £\\ lastly multiply £1 ty 
3479, and add in /193O, giving /937ft. Thus the product is £9376. 6. 0^. 

Whichever method be employed, the other may be adopted as a Proof. 


246. If the lowest denomination of the Multiplicand be .1 mixed 
number, we multiply separately first the fractional and then the 
integral part of such mixed number (131, Kk.). 



2766 . I? . n}g 
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In (i) we say 8 times J is V* or 6g ; set down | and carry 6? 8 times 3/ 
is 14/i, and 6/. is 30/I or 7^/.; set down. \d. and carry &c. 

In (a) we say r 1 times j is y or 7 j or l\d. ; set down ^ and carry 7, 4 c. 

247. If the weight, value,,., of one unit be given, we can by 
Compound Multiplication find the weight, value,... of any number 
of units of the same kind ; for example If the value of 1 oz. 
of gokMs £ 3 . 15. 7f the value of 2479 oz. is found by multiplying 
£ 3 - 15. 7 } By 2479. (See Ex. 4.) 

Exercise 33. 

Multiply 

I. ,£19. r8. 7|by8j £3- 9* 7f u; £87. 4 . u| by 10. 

*• £i 7 - u )- 9i by 9; £3 74. 13 ' ioi by 7; ^5+9. 13. ;} by it. 

3. £6$. 18. ij by 63; £873. 6. by 7?; £489. it. rof by 88. 

4. £907. 17. 3} by 108; £17. 18. 8f by m ; £18. 13. 7* by i 44 . 

5. £sj- 13* 7 ? by 39? r 5 * 9 ? ty 53 ; £<P to - «*l ty a6 - 

6. jfi- ij- by 94 ; £75. 14. 0$ by 117; £87. o. r i| by 151. 

3 - H by 34 7; £i& & 4 i ty * 93 - 
8* £v- '4- 3$ by 856; £$. >3. ih by to8j. 

9. £9. II. lof by 4J08 ; /'16. IS. 9l by 7149. 

10. 1 8s. 7 \d. by 9384; /$. 18. n$ by 57089. 

II. ^567. 13. 8} by 8736 and by 9873d. 

1 a. 3 lbs. 8 oz. 1 Sdwts. 8 grs. by 35 and by 96. 

13. 37 gallons 3 (|ts. t pt. 3 gills by 36 and by 136. 

14. 4 qrs. 7 bush. 3 pk. t gall, by 1 2 and by 144. 

15. I" weeks 4 d. 1 3 h. 17 min. 36 sec. by 9 and by 79. 

16. 8 miles 5 fur. 7 ch. » yds. by 131; 7 ac. 3 1. 35 p. by 157. 

17. 33 cu. yds. 6 ft. 459 in. by 8 and by 71. 

18. 24 lbs. 9 oz. 135 grs. by 7 and by 70. 

19. 9 tons 1 5 cwts. 1 qr. 14 lbs. by 1 2 and by 459. 

30. 5 fur. 30 po. 4 yds. r ft. by 7 and by 84. 

31. 35 miles 6 fur. 33 po, 3 yds, 3 ft. 8 in. by 56 and by 83. 

31. 3 roods 37 p, 15 yds. 8 ft. by 6 and by 10, 

33. 37 ac. 3 r. 19 po. 18 yds, 4 ft. 103 in. by 8 and by 75. 

14. 3 yds, 1 qrs. 3 n|. 3 in. by 7 and by 59. 

35. jCij. 7, by 9i 15 . io} K by 14. 
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Ex. 33< 


3i if ty i<5: £*■ 18 . Ji if h>‘ i.Vi- 

17. 1 3i. 84 A', by 1 to; £3. 1 7. 8| ft h J’ 4 J- 

2g - j^ 4 - ' 3 - 7 iif b y 93 i ;£*- «*• H «J 9 - 

• ag. 80 at tr. 15 dwts. 19^ gnu by +4. 

30. 14 ewts. 3 qrs. 15 lbs. 13/1 01. by </>. 

31. 3 fcrlongs 34 po. 4 yds. 1 ft. 8ft in. by 99. 

Find the value of 

34. joj quarters of wheat at «6r. &/. a quarter. 

33. 78 lbs. j 02. of quinine at &>-. 8K an ounce. 

34. 3 cwts. 1 qrs. 10 U». of tea at ji. 4};/. per lb. 

35. 3569 02. tr. of gold at £3. 1 7, 104 per ounce. 

36. 3 roods 14 po. 17 yds. of building land at ^3. 16. 6J} per sq. yard. 

COMPOUND DIVISION. 

248. Compound Division is the operation b; which— 

(1) We find how many times one compound quantity contains 
another compound quantity of the same kind, 

(2) We break up a compound quantity into as many equal parts 
4s there arc ones in a given number, and thus find ihe value of one 
of titesc parts. 

In the first case the Divisor is a compound quantity of the same 
kind as the Dividend, and the Quotient telling how many times is 
an abstract number. In the second case the Divisor is an abstract 
number, and the Quotient telling (he value of each part is a 
compound quantity of the same kind as the Dividend. T^ius 
if is. 9W. x 56=^7. 16. 4, it follows that £7, 16. 4 contains 
2 a t)\d. 56 times, where the Divisor is concrete and the Quotient 
abstract^ it also follows that £7. 16. 4 divided into 56 equal 
parts gives 2r, 9^. in each part, where the Divisor is abstract , and 
the Quotient concrete and of the same kind as the Dividend, 

249. CASE I. When the Divisor is a compound quantity of the 
same kind as the Dividend. 

If the Divisor and Dividend were simple quantities (227) of the 
same kind we should proceed as in Simple Division : thus ^10 
contains £2, loewts, contains 2 cwts., jo gallons contains 2 gallons, 
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§* 49 - 

i. 


ip 


as often as 10 contains 2, And if the Dividend and Divisor are 
compound quantities we can reduce them to simple quantities of 
the same denomination, and then proceed as before. 


We have then the following Rule :■ — 

Reduce Dividend and Divisor to the same denomination , and 
then proceed as in Simple Division. N.B. Do not carry the 
reductioi^lojver than is necessary. 

Ex. 1. How many times does ,£35. 3, 9 contain £2. 14. 1? 

£■ r. d. £. u d. 

* t* i U> 3 9 6 49 ) 8 445 (13 

54 7<>3 T 955 

649 6445 8 

Reducing each sum to pence, we have then to find bow often 8445*3'. 
contains 649*/. and the Quotient is 13, and SI. over; and the totnpltte 
Quotient is (133.) 


250. If the value, weight,... of one unit be given, we can by this 
case of Compound Division find the number of units of value, 
weight,... in any other given quantity of the same kind ; for 
example: If £2. t4, t be the price of 1 cwt. of sugar, we find 
what number of cwts. ^35. 3. 9 is the price of, by dividing 
/3S- 3- 9 by £ 2 - 4- '« 

251. Case 1 1 . When the Divisor is an abstract number. 

If we regard the various denominations of the Dividend as so 
many successive orders whose relationship to one another, instead 
bf being uniform, is irregular and to be found from the tables, we 
may proceed in Compound precisely as in Simple Division ; for 
example Divide £z%. 15. 8 by 7, that is divide £25. ij. 8 into 
7 equal parts (248, 2). Now £25 divided by 7 gives £3 with £\ 
over; put then £$ in each of the 7 parts and 
there still remains to be divided £4. 15. 8. But 
£i. 15J. is 954., and 954. divided by 7 gives 134. 
and 44. over ; put then 134. further into each of 
the 7 parts making £3. 134., and there still remains to be divided 
4 s. id. Again, 4 j. id. is 5 W., and 56^ divided by 7 gives id. exactly} 
put then id. further into each of the seven parts making ^3. 13. 8, 


L s. d. 
7 ) a 5 • IS « 8 
3 - 13-8 
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and the division is completed; therefore £ 25. 1 5. 8 divided by 
.^Jflves £y 13.8. 

''**£? ^ ave ^ cn tk* following Rule ; - 

+*: ffi/LMake the same arrangements for Dividend , Divisor and 
Jujm/knt as in Simple Division. (2) Divide the highest df- 
n&&tviation by the Divisor; reduce the remainder to the next lower 
denomination, add in the number of that denomination \n the 
Dividend and divide the result by the Divisor : and so proceed step 
by step through all the denominations. 


Ex. 1. Divide ^3685. 4. 9$ by 678. 


£. s. d. £. 

s. d. More briefly thus 


) 3 68 $ M * pH 5 • 

8 . 84 £. i. d, 

~ L s. d. 

339? 

678 ) 3685 . 4 • 9§ 

{5-8-84 

*93 

195.. 


10 

59°4 { 8 


5904 { 8 

^480 


34*4 

S'fy ( 8 


480 

545 


( 8 

34*4 

138* ( 1 

tbfmtyd. 


345 

4 

/. the Quotient is £$. 8. 84 1 

and b\pi. over. 

I38J ( 2 

Again, since 1 6f. divided by 678 is 

'33 6 

or iit,f, complete Quotient ■ 

8. 8|,y, 

"16/ =<>\<I. 




Tjjj ? When the Divisor is the product of two or mare factors , 
dA% each of them in succession (52), and find the remainder 
as in Simple Division. 


Ex. 2. Divide ^3458. 17, 9^ by 72: ~'i) giving the Quotient 
and Remainder, and (2) the complete Quotient. 

£. s. i. 

I 9 ) 34* 8 . 17 . 

' 1 8) • 6 • it-.-j/ ^ lnaI rem( lr. is 4x9 + 1 or 38/. 

48, 0 . 9J...3V' <'• Quotient i> ^48.0. 94, and 9^. over. 

£. s. i. 

J 9 ) 3458 > 17 . 94 The second remdr, from the farthings 

' t • 8 ) 3^4 • 6 • ihi i» 4} or V ; and V ■* II or JJ , 

48 . 0 . 944} complete Quotient a £48. 0. 9444. 
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Ex. 3. Divide 53 miles 3 fur. 23 po. 4 yds. 2 ft, by 35. 

miles Air, po. yds. fL in. vds ft. in. 

7 ) 53 3 *3 4 1 16 1 6 

5 )7 5 3 1 0 1 0 8 

1 4 3 1 a. .31 in. 18 i 

In dividing by 5 the remainder from the poles is 3 poles, or ifij vmk|. 

16 yds. r ft 6 in., which added to a yds. 0 fl, 8 in. in the Dividend gjpijj* 
18 yds. 3 ft. 3 in., to be further divided by 5. The second partial remainder 
is 4 104 therefore the full remainder is 4 x 7 +4, or 33 in. or 3 ft. 8 in. 

The complete Quotient = 1 mile 4 fur. 8 po. 3 yds. ift. 3j|in, 

253. When the Divisor is to, loo, 1000 ,...cut off 1,2, 3... figures 
to the right in each succeeding Dividend; the figures to the left 
will at each step give the Quotient and Ike figures to ike right Ike 
remainder (53). 

Ex. 4. Divide ,£$5432. 19. ii£ by 1000. 

£• f- d. £. d, 

1000)85,432 . 19 . jiJ 85,432 . 19 . 11J 


20 

8,659 

8,659 

7 * 9 f 9 , 

12 

3,678 678 339 

7 > 9*9 

4 

1000 500 

3,678 


The Quotient is ^85. 8. 7}, and 678/. or 14 s. i\d. over, and the 

complete Quotient is ^85. 8. |{|. 


Ex. 5. Divide £85432. 19. n,J by 900. 

£. s. d. 

£. i. d. 

(inn J 9 ). 8 54.’,i . 19 . ni 

9)85432 . 19 J'ix' v 

, t 100)94,92 . 11 . 

100)9+92.11. 

18,51 

18,51 

< 5,13 

6,13 

.$3 

, 53 * S 3 l 478 *39 


too 900 450 

The final remdr. is 53x9+1 or 478/! or 9*. nf the Quotient is 
^94. 18. 6 and 91. n\d. over; and the complete Quotient £94. i 3 . 


Ex. 6. Divide £227. 9, 4JI by 42. 

Ex. 7. Divide 58 gallons 2 qts. i£ pts. by 5. 

£. S. d. gallons qu pt. 

6)**7 . 9 . 4 fl 5 ) 5 l * It. 

7 )37". 18 . ajU . n ' a itt 

5 . 8 33 * 
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In Ex. 6 the first remainder from the farthings is jj or y, and y 4-6 is 
t| ; the second remainder is if| or JJ, and is -fo. 

, In Ex. 7 the remainder from the pints is 4J or V, and y 4-5 is 

254. If the value, weight, length,... of any number of units be 
given, we can by this case of Compound Division find the value, 
weight, length,... of one unit of the same kind ; for example : If 
the area of a field containing 32 equal allotments be 19 aejes 3 r. 
20 d ,, the area of one allotment is found in dividing 19 acres 3?, 20p. 
by 32. 


Exercise 34. 

Divide 

1. £*&■ 4. aby£i. It. li ; £ 7 * 7 - I- 7 i Dy ^15. 9. 4 j. 

а. £*44- t 3 - 1 >i by 91. £1376. n- 10J by 'w. jJ./. 

3- £9961. 7. 64 by £35. 16. :'i ; £$01803. t$. 8J by £76. 13. 4 J. 

4. How many francs of 94^. cadi are contained m£.H;, 16. 8J[? 

y Flow many dollars of 4s. j W. each must 1>c given in exchange for 
£*35- 10. 9? 

б. How many bars of gold each weighing 50*. ijdwts. ?l firs, can Ijc 
made out of a bar weighing 88 lbs. 8oz. 14 dwU. tjgrs.? 

7. How many bars of iron each weighing 1 1 lhs, to oz. 1 1 drs, must be 
taken to make up a weight of ^ tons 8 cwts. 3 lbs. 6 oz. 1 $ drs. ? 

8. How many pieces of ribbon, each 5$ yards long, can be cut off a 
length of too yards; and what length will remain over? 

9. How many jars, each containing a gall. 3 qts, 1 pt. 3 gills, can be 
filled out of a cask containing 2H5 gallons? 

jo. How many portions of time each equal to 1 day 7 h. 43 min. 36 sec. 
are contained in 346 days 18 h. 34 min. 31 see.? 

f 1. How many lengths each equal (09 poles 3 yds. 1 ft. 3 in. will make 
up 1 mile 6 fur. 36 p. 4 yds. 3 ft- 9 in-? 

13. How many allotments each equal to J roods5 per, c 3 yds. ft . 108 k. 
Can be formed out of 158 acres 3 r. loper.? 

Find Ihe Quotient and Remainder in dividing— 

13. £614. j. 6* by 7} £391. t. 78 by 9; £8159. 7. njhy ti. 

14- j£* 435- 8- >°iby 114 £579. 18. oby 45; £1318. 13. 6 by 36- 

»5- £i*i 9 - ,8 - 7l bry 96; £4718, 14. 8 by 1335 £$7. 13, 3 i by to. 

16. £676. a . ji by 100; £9658. 17. 3$ by 100; £33486. 9. 7 by 1000. 

17. £ 9191 ' &■ 6 by 900; £1075731.8. 6 by 800; £11861. 1. 6 by 19. 

18. £461. fi. 9J by 83; £8;8. 1. 3 by a 3 ; £6363. 7, 0 by 167. 

J9- £7549- »7- 6 by 859; £77573- »8, 9* by 4578- 
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Find the complete Quotient in dividing— 

jo. £11 . 17. 2J by 11 ; ^59- r 5- 5H by 9* 

it. £23. 4. 1 of | by n; £167. 15. by 45. 

M« j^iSO- ‘2. by 36; ^997. 18. rof v *, by 53. 

13 . jfi4 6 - 13- 8 M? by *57; ^357* 1<5 * by 100 . 

74. ,£887. 9. 4i t 7 * by 60; £1692. 3. by«300. 

I >i vio?e — giving in ihe first example (he Remainder, and in the second the 
complete Quotient — 

13. 878 weeks 4 d. 13 h. 37 min. 3d s. by 9 and by 36. 

16. 679 miles 7 fur. 1 25 yds. 2 ft. 6 in. by 1 1 and by no. 

37. 4265 cu. yards d ft. 1689 in. by 23 and by 83. 

28- 487 tons 1 3 cwts. 1 qr. j j lbs. 140Z. by 9 and by 397, 

29. 3964 lbs. 907. 2 5 dwts.. rflgrs. by 12 and by 97. 

30. 443 miles 3 f. 8 ch. 13 yds. by 10 and by 95. 

31. 409 tons 3 cwls. 26 lbs. 8 drs. by j t and by 96. 

32. 5863 gallons 3 qts. 1 pt. 3 gills by 8 and by 75. 

33. 6564 loads t qr. 4 hsh. 1 pk. 1 gall, by 3 and by 67. 

34. 325 miles 7 Air. 35 po. 3 yds. 2 ft. 3 in. by 7 and by 1 1. 

35. 478 miles 6 fur. 19 po. 2 yds. 1 ft. 10 in. by 96 and by 4397. 

36. 834 acres 3 r. a j p. 8 yds. 8 ft. 43 in. by 9 and by 246. 

37. 485 yds. 3 qrs. 3 n] . 2 in. by 7 and by 11. 

38. Divide 789 lbs. 12 oz. 14^ drs. by 67; 637 gall. 2 qts. 1 pt. 
*T*r gM* fay 43 - 

39. [f 47 bushels of wheat cost ^17. n. 6f, what is the price, ,t>f 
1 bushel, and of 1 peck? 

40. If 67 pieces of cloth measure 2335 yds. 2 qrs. 7 in., whal is the 
length of 1 piece? 

41. If 18 lbs. 90Z. of gold be worth ^1343. <?• ro$, what is the worth 
of 1 ounce? 

42. If the area of 145 allotments be 415 acres 10 perches, what is the 
area of 1 allotment? 

43. A chest of tea weighing 1 cwt. r qr. 15 lbs. cost ,£21. ro. 9J, what 
is the cast of r lb. ? 

44. If a man's net income be t*. 6, how much may he spend 

on an average per day and per week to the nearest farthing, so as not to 
run into debt? Reckon 52 weeks, and 363 days to the year. 
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255. SOME APPLICATIONS OP THE PKECEDINU RULES. 

I. Method or reduction to the unit. 

' Jf the value, weight, length,,., of any number of units be given, 
we can by Compound Division find that of one unit of the same 
kind (254) ; and the value, weight, length,,., of one unit being found 
wc can by Compound Multiplication find that of any number of 
units of the same kind (247). The solution which combines these 
two processes is called Tht Method of Reduction to the Unit. 

Ex. I. If 16 yards of cloth cost £9. 16. 8, how much will 25 
yards cost? 

Since the cost of 16 yards is [6 times the cost of 1 yard, the cost 
of i yard is found by dividing £9 16. 8 by 16, and is therefore 

; and the cost of 25 yards is found by multiplying the cost 
of 1 yard by 25 and is therefore ^ \£~ * 2 5 or ^ 


The process may be arranged thus:— 

Since 16 yards cost £9. 16. 8 

, /o. 16. 8 

1 yard costs ^ - 

/o. 16. 8 

and 25 yards cost ^ ^ x 25 or 


16.8x25 

l6 


£. s. d. 

£. s. d. 

9 . 16 . 8 


, 49 • 3 -4 

'*•34 

5 

5 

[ 4 ) *4} ■ jfj • j 

3 • > • si 

l 4 ) 61 « 9 * a 

5 


01 « 9-2 -L 

ls~ 7 • 3i 15 • 7 ■ 3* 


cost of 25 yards -^15. 7. 3$. 


REMARK. The order of the operations is indifferent, but as a 
general rule the Multiplication should precede the Division. 
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Ex. 2. The cost of 2 qrs. 
the cost of 4 cwt, j qrs. j 8 lb: 

3 qrs. — 56 31 js. 

11 

Since cost of 77 lbs. 
thereibre 1 lb. 

ami 550 lbs. 

/. r. d. 

. • '« • ?l 

10 

'5 • ♦ • 

7 (SZLIitk 

10 . r7 . 8J1 
cost of 4 cwt. 


21 lbs. of sugar is £1. 10. 5^: 
s. at the same rate? 

4 cwts. =448 lbs. 

3 qrs. 18 lbs. «=• 102 
Si® 

=£*• «o. fj 
_ £\. 10. si 
77 

, 5 ° 

,0 - } 2 X 55 ° 
ft 
7 

£. s. d. 

7 ) r ■ to . s| 

4 • 4 i 
1 • 3 ■ 

f 

10 .17 . T\ 

3 qrs. 18 lbs. =/io. 17. 8$. 


what is 


u. Averages. 


The Average or Mean of any number of given quantities of the 
same kind, is (bat quantity which when put in place in each of the 
given quantities makes their supi the same. Hence to find the 
Average of any number of quantities we divide the sum of them by 
their number. 

I?x. The receipts at a railway station are as follows : Jan. 
^345. 17. 10; Feb. /2oi. 18. 9; March, ,£285. 1+ 7; April, 
/305. 2. 2; May, /34b. 7. 8; and June, /400. 15. 3: find the 
average receipts per month. 


£. t. d. 


145 

*7 • 

10 

101 

18 . 

9 

*85 

'4 • 

7 

305 

3 . 

4 

346 

7 • 

8 

400 

>5 - 

J_ 

) 1785 

16 . 

3 

197 

li~. 

"H 


The sum of the receipts for the 6 months is found 
to be £1785. 16, 3: hence the average month’s re- 
cei pis, got by supposing the receipts of every month 
to be equal, is found by dividing this sum by 6, and 

is/w- 1*. 85 . 


U.- 3 , a 


IS 
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m. Revolution ok Wheels. 

A wheel in making one revolution passes over a length of ground 
precisely equal to its circumference; hence if we multiply the 
circumference by the number of revolutions made, we shall find the 1 
length of ground passed over ; and conversely, if we divide the 
length of ground passed over by the circumference we^hall find 
the number of revolutions, or by the number of revolutions we 
shall find the circumference. 

Ex. How many revolutions will a carriage wheel 3 yds. 2 J feet in 
circumference, make in a journey of 7 miles 3 fur. 35 poles ? 


83 

»4f 

; half-feet =5 feet. 

No. of revolutions is 3736 and 3J ft over. 

IV. 

Ex. How many sovereigns, half-sovereigns, crowns, florins, 
shillings, sixpences, and threepences, and of each an equal number, 
are there in ^67. '6 ? 


465 ) 16304 { 35 
1354 

19 - is. $J, 


Every collection of one of each 
of these coins amounts to J&r, 9 <i. \ 
hence there will be as many coins 
of each kind as (Jar r 18. 8 con- 
tains aBr. that is, there will 
be 35 coins of each kind, and a 
remdr u. yi- 
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Ex. i. Find the nearest sum of money to ^197. 11. 6 that can 
be divided by 23 without remainder. 

j£. t. J. fc. s. d. From the work it appears that if the 
13 ) i«j 7 II . fr { 8 . It - 9 $ given sum be diminished by 14/. or 3^/. 

, _ there will be no remainder, or if it he 

171 ( If 

t g increased by qf. or i^d . , so as to make 

an (9 the last partial dividend < 5 9, there will lie 

>5 no remainder; hence the tuarttt sum rc« 

1 quired is— 

/197. 11. 6 + t \ d . nr/197. ii. 8^ 

Ex. 2. If /197. 6 be given for 23 pieces of cloth, find to 

the nearest penny the price given for each piece. 

From the Iasi Ex. it appears that ^8. 1 1. 9 a piece would give i$d. 
too little, and *8. 11. jo would give &/. U10 much: hence to the nearest 
penny the price would be^8. 11. 10. 


VJ. BARTER AND EXCHANGE. 

Ex. t. How many pounds of lea at y, iUL a lb- must a grocer 
give in exchange for 35 yards of doth at 12s. 5 d. a yard? 

We must first find what 35 yards at iw. \d. a yard amount to; and the 
number of limes 3/. !$</. is contained in this amount will give the number 
of pounds of tea. 

t. d. s. d. 


3 - *i 

11 

11 

i» 

3» 

149 

77 

1Q& 

35 

5490 



J 7 ) 10430 
77 1 11 ) H9Q 


135 and 35 half-pence over. 
Therefore he will give 1 }.*. Ihs. and ir. 5W. 


13—2 
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Ex. 2. How many francs of 9W. each will be given in exchange 
for 475 thalers at if. llU each ? 


94 35* 


‘9 7* 

475 
♦75 
33 »? 

>9 )3J7»5( *775 
U7 
14! 

95 


The value of 475 thalers is JJ7 *5 half- 
pence, ami 1 franc is 19 half- pence; there- 
fore there will be as many ft angx as 3373s 
half-pence contains it) halt pence : or the 
number of francs is r 775. 


VI t. Ml Kit'S f.s— Alligation . 


Ex. 1. A lea-merchant mixes 25 lbs. of tea at 1 s. yi. a lb., 4olbs. 
at 2.f. jr/., and 27 lbs. at 31. 2 d. : at what rate per Il>. must he sell 
the mixture? 


s. d. s. d. 
if lbs. at 1 . 9=43 . 9 
40 lbs. at 1 . i~*/> ■ 8 
17 Hr. at 3 . a -85 . 6 
91 9» j 115 . 1 1 ( 1 . 5$ 

'»♦ 


5°3 

460 


ft appears front the work that he 
mixes 91 Hr., and that its cost is 
iitt. t id,, and that the cost of 1 Hi. is 
ji.jjr/, with a remainder of Sq/ or aotA ; 
hence by filing ilic whole at it. jjif. 
a lb. he would lose tod., but if he sells 
so as only not to lott he must sell at 
11. 5^1/. a lb., and then he would gain 
•l/.ory 


Ex. 1. At what rate per lb. must he sell the mixture, so as to 
gain £2, 6, % upon the transaction ? 

J. d. 


MS . II 
4 6 . 3 *• <*' 

04 j 172 . 1 ( 3 . I l*i 

88 

1058 ( 11 
♦6 

184U 


The lea cost him up, tid. and his gain is 
to be 484. 3d'., therefore he mutt sell it for the 
mm of lay. 1 14 . and 48;. yi. t or for 371;. id . ; 
and dividing this sum by 93 we get v. 
the selling price of 1 lb. 
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Ex- 3. How many lbs. of lea-dust (which cost him nothing) 
must be put in the mixture, to enable him to sell the tea at 2 s. 5 d. 
per lb. and gain at the same time 8r, 6 d. on the transaction? 


’ 3 +,- 5 
11 

19) 

it) 1 


*03 


Including his gain of 8;. (d. he must receive for 
the mixture 134*. yt.\ and dividing this sum by 
it. i., it appears that he must sell 97 ltis. ; (hut is, to 
the 91 lbs. of tea he must arid 5 lbs. of dust ‘ that is 
Xo. of lbs. of tea-dust =97 - 92 = 5. 


viii. Weekly and Daily Expkmiitcre. 

A man has a yearly income of ^486. 15 and he sets aside £63 
for charity, insurance and other purposes; what is the greatest 
sum he can spend per week, without getting into debt ? 

The sum he may spend in one year or 51 
weeks is ^413. 13; and dividing this sum 
by fi, we see that he may spend £%. 1. 
every week, ami have uf, over at the end 
of the year. If he spends £8, 3 per week, 
K. 1.1 1. jf... 4/ he will nm into debt. 


£. s. 
486 . if 
63 . o 
I +) • ‘5 

5 M»i )«*■'»» 


ix. Division of Money. 


Kx. Divide £\b. 5. 6 among A, 11 and C so that A may 
haw £1. 2.6 more than 11, and 15 i6r. more than C. 



1 . 16 . 0 


in . ,s , o 

1 , [!> - 0 

3 ) '3 ■ 9 • 6 

4 . 9 . 10 Cs share. 

? . 6 . 7 B’s . . • 

and 6.9. l A*s . . . 


Here B has i6r. 9-/. more than C, and A has £ 1 . a- 6+i6r. yt - 
more than C: if we take away these sums, to lie subsequently given to B 
and A respectively, their shares will be equal to that oF C: -dividing 
then the remainder ^13. 9. 6 by 3 we get C's share. 
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x. .Mum, Women and Boys. 

Ex. Divide /15. 12. 6 among 7 men, 9 women, and 11 boys, 
so that each man may receive three limes as much as a boy, and 
each woman twice as much as a boy. 

The 7 men will receive as much as 7 x 3 or 1 1 boys, anil the 9 women as 
much as 9x1 or 18 boys; therefore 7 men 9 women and 11 hoys will 
receive as much as 11 1- 18+ 1 1 or $0 boys; but they receive 41$. t». 6; 
therefore I'boy will receive j£i$. it. 6-7-50 or 6 s. jif.; and a woman 
will receive 6 j. 31 i. x 1 or nr. 6*/. ; and a man 6r. yt. x 3 or 18;. tyt. 

7 men - 1 1 boys £■ s. d. 

9 women - tx. ■ (‘5)15 . it . 6 

11 boys = i_j_- . 50 ( 10 li:. 

J® 6 , 3 1 toy’s share. 

iif) womans . 
til , 9 nun’s . , 


Exkrcisr 35. 


1. h ind the average of the fallowing scores at cricket 19, 67. 35, 18, 
<M3« 79* ‘37* 51. 38*0 and $1. 

t- Reduce 5791685 inches to miles, &c., and prove the result. 

3. If 9 yards of cloth cost fa. o. oij, what will 31 yards cost? 

4. Divide /189. 5. yi among 3 men, so that one of them may have 
15 guineas more than either of the other two. 

5. A dealer buys a chest of tea weighing 1H5 lbs. at the rate of 4 Ibj. for 
7 s. 6/ ; - he finds 6 Ihs. of it to lie worthless, but sells (he remainder at an 
advance of tjrf. a lb. on the cost price: find his gain. 

6. 1869 sovereigns weigh 480 oz. Troy; find the weight of 1001784 
sovereigns in standard weight, the lowest denominations being llrs., 0 1 . 
and grs. 

7. Find the least sum oT money that must be subtracted from ^66j, 14. 8 
to make the remainder divisible by 37. 

8. A person has an income of £670. ij. 8, and fnr the first 7 
mouths he spends on an average fa%. 16. 9} a month; how much must 
fee spend during each of the remaining 6 months, so as not to run into 




Ex. 35. 


THE COMPOUND RULES. INTEGERS. 183 


9. How many lbs. of tea at y. iy. a lb. must be given in exchange for 
46 yards of silk at it. 0 \d- a yard? 

»o. A grocer mixes 40 lbs. of tea at ix. 4^, a lb., 48 lbs. at 21. fyd. 
a lb., and 64 lbs. at y. iid. a lb.; find the value of 1 lb. of the mixture. 


11. How many Napoleons of 151, jjrf. each can be obtained for 5658 
thalers of ir, ulj. each? 

11. rfom 15 miles 3 f. 20 p. take 3 po. 4 yds. 1 ft. 3 in. 

13. The driving wheel of a locomotive is 5 yds. 2 ft. 9 in. in cir- 
cumference, and makes on an average 3 revelations a second: find the 
rate of the (rain per hour. 

14. How many grains arc there in 1 oz. ? How many in 1 oz. Troy? 
Express 11 02. lx. 168 grs, in imperial weight j the denominations being 02. 
and grains. 

15. If a cannon-ball travel at the rale of 1250 feet per second, how long 
would it be in passing from the earth to the moon, a distance of 240000 
miles? 

16. A man buys 25 sheep for £$ and 30 more for £^ 6 ; what will he 
gain or lose by selling them at £1. 10. 6 a-piece? 

17. A merchant bought thirty-fire pieces of cloth measuring on an 
average 19 yards each at 3s. toi«f. a yard, and Mild them at 51. “d. a yard : 
what profit did he make? 

18. A purse* and the money it contains are worth £\. 18. 6 , and the 
money is 10 times the value of the purse : how much docs the purse 
contain? 

19. A grocer mixes 19 lbs. of lea at rs. to$d. a lb., 26 His. al if. 3jif. 
a lb. and 27 lbs. at u, 6 }d. a lb, ; at how much per lb. must he sell the 
mixture so as to gain £i. 3. 4 on his outlay? 

20. Divide £10. 2. 6 into Iwo sums of motley, one of which contains as 
many half-crowns as the other contains shillings. 

III. 

SI. The daily receipts of a grocer for the week are as follows:— 
Monday, £4. 15. 3J; Tuesday, £$. 13. oj; Wednesday, £l- 16. to 4 ; 
Thursday (being a holiday), nothing; Friday, £y 18, ti, and Salunlay, 
£13, 19. find his average daily receipts (1) excluding Thursday, and 
(3) including Thursday. 

22. Which is heavier, l lb. of gold or 1 lb. of sugar? 1 oz. of gold or 
1 oz, of sugar 1 and why ? Reduce 513769 grains of gold and 15346907 uz, 
of sugar to their higher denominations. 



lS 4 t REDUCTION AND THE Ex. 35. 

To march al quick step is to take tc8 paces of 1 ft. 8 in. per 
minute— what rate is this per hour? How long would it take a body of 
soldiers to march 36 miles at quick step? 

14. If t cwt. of sugar cost £1. 11. 4, what will be the cost of 
1 qrs. 13 lbs,? 

15. What annual income would ctialde a person lo spend 8s. yi. a day 
and save 16. 10J every calendar month? 

a 6. Divide ^£1451. icu. among A, It, and C, so that A may have 
jft/8. 13. 6 more than B, and C .£325. *+• i\ less than B. 

a;. Find the salary of a person who pays £11 . tt income-tax, when 
(he tax is ~d. in the ground. 

a8. A brigade in close column occupies j rood 8 p. t yd. 6 ft. of ground, 
and each man occupies j stp A. 9 in.; of how many men docs the brigade 
consist? 

09. Find the value of t ton 1 cwt. 1 qr. 8 lbs. of cupper coin, when 3 
pennies weigh 1 m. 

30. There are three quantities, (> hours, ao minutes, ami £$(> ; muUiply 
one of these by the quotient of the other two, and state fully the result of 
the operation. 


IV. 

31. If 17 chests of tea can lie bought for /301. 10. 9: how much 
must 1* given for 36 chests? 

31. Reduce j 847638 inches to mites, &c., and 59496173 sq. in. to acres, 
Ac., and prove the correctness of the result in each case. 

33. Divide j£u. jc. 4$ among A, B and C, so that A may receive 

twice as much as B, and II twice as much as C. r 

34. If the cost of 3050 things be ,£17340, to, 5, find the cost of 3099 
things at the same rate, f ind (he value vj 49 things. 

35. If butler lie bought at ■ 5 guineas the cwt., and retailed at is. 4^/. 
the lb,, how much will be gained on every cwL? 

36. What weight of gold coin is equal lo 3 cwts. of copper coin? 

37. no tons of coal arc purchased for £87. if-. 9; find to the 
nearest farthing the price at which they must lie retailed per ton, so 
that no lost may be incurred; and at that price what profit will accrue? 

38. If a person has an income of ^535. 17. 6 a year, and he spends 
daily £ 1 . 3, io$, how much will he have over at the end of the year? 
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39. How many dollars of +r, i\d, each must be given in exchange for 
493ft Ibalcrs of is. 1 ify!. each? 

40. A spirit merchant mixes 26 gallons at ns. 3 d. a gallon with 
39 gallons at 1 y. \d a gallon r how many gallons of water must he add tu 
the mixture so as lo sell it at 10s. yL a gallon? 


4 1. yeduot £1. 13. Hj from £$f>. y., and divide the resulting sum 
equally anting 39 |>crsnns to the nearest farthing; how much will each 
person receive, ami how much will remain over? 

42. Divide £y 1 '. 8 i between two persons so that one may have 
four limes as much as the other. 

43. What weight of sugar at 4W. a lb. must Ik* given in exchange for a 
chest of tea weighing 84 lbs. at y. ik<L a lb. ? 

44. A loaded truck weighs 10 tons 14 cut. t qrs. : the goods are five 
times the weight of the empty truck, find the weight of the goods. 

45. A pipe of wine containing nfi gallons is bought for j£iis: 
how much water must lie added to it to allow of its being sold at iys. 6 d. 
a gallon? 

46. Find the weight of copper coin required to pay a debt of £1000, 
when 3 [jennies weigh t 02. 

47. At the end of a week £*4. y. is paid in wages to an equal 
number of men, women and buys; a man earns 4.*. 0./., a woman y. j</. 
and a boy is. y{. a day : how many of each class are there? 

48. Sound travels at the rate of 1143 ft. per second; what is the 
distance of the thundercloud, when the thunder succeeds the lightning at 
an interval ut*9 second,? 

49. The avenge price of a quarter of wheat for uj years was «6i. &/. a 
quarter ; for the first five years the average price was 6u. }W. a quarter, 
fur the next 4 years $Jvt. ojrf'., for the next 7 years, jjr. jfrf. : find the 
avenge of the last 3 years. 

50. There are 6 presses at work striking off sovereigns, half-sovereigns, 
florins, shillings, sixpences, ami faurpences respectively, and each at the 
rate of 3500 pci hour : find the value of the money struck off in 13 days of 
9 hours each. 

VI. 

ji. The mean height of 6 mountains is 103*7 fed; find what the 
height of (he seventh mountain must be, in order that the mean height or 
the seven mountains may be 10643 ft. 

JJ. If 47 yards of dolh cost ^34. 1 0. 3$, find the cost of 99 yards. 
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53. The forewheel ami hind wheel of a carriage art* respectively 7 yds. 

2 ft. 6 in. and 4. yds. 1 ft, 4 m. in circumference : how many more revolutions 
will the forewheel make than the hind wheel in going over a distance of 
19 miles 1 fur. no yds. ? 

54. How many grains are (here in 1 lb. Av.? how many in 1 Ih. Troy? 
Express 3 1560 11 k, Troy in Av. weight ; the lowest denominations being oz. 
and grains. 

f 5. Divide /ijo. 19. 9 among A, II and C, so (hat B may* receive 

3 limes, and C a times, as much as A. 

56. A person after paying an income-tax of £</. in the pound has 
remaining £856. 1 5. $; find his full income. 

57. If a waggon carries away each time t cu. yd. £ ft. 1440 in. uf earth, 
how many loads are carried away in excavating 1347 cu. yds. : ami how 
much is carried in (he last load ? ' 

j8. A man exchanges 45 sheep at £1 $. 9 each and 37 pigs at 
£$. 13. 6 each for 13 oxen at 16.} guineas each, the difference being paid 
or received in money; how much docs he payor receive? 

£9. Tithes of the value of £448. ioj. arc commuted for an equal 
number of bushels of wheat, barley, and oats; how many Imfhels of each 
kind will lie received whim wheat is sold at 7.1. s </, a bushel, barley 
at 4/. </'■ , and oats at 34. 51 /.? 

60. Kind the distance between two towns when £$o. iff. 8 is paid 
for the fare of 17 first class passengers at ’W. 3 mile, of 76 second class at 
\\d. a mile, and of 40 third class at id. a mile. 


VII. 

61. If a person spend £ 1 35. 8. 8} in 73 weeks, how much will he 

spend in a year? 

6j. A has £ioo. n. 4I, and B has 64391 farthings: if A receives 
34567 farthings, and B receives £*fi. t6. ;i(, which will then have the 
most, and by how much ? 

63. Reduce 79431*493 sq. in. to acres, &c and prove the result. 

64. Divide £i 19. 16. 3 among 3d persons in such a way lhat 17 
of thou may each receive rSr. ijd. more than each of the rest. 

65. Reduce 3$ tons 19 cwts. 99 lbs. n oi. 1 33 grs. to grains. Hirst, 
reduce \S 6 Z. 1 35 gn, In grains. 

66. The construction of a mile of a certain railway costs a million 
pounds: al this rate what is the cost of construction, computed to the 
l nearest penny, of every inch of its length ? 
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<>7, A grocer buys 4 cwt. of sugar at 61. per lb, and 8 cwt. at 4 \d. 
per lb. He sells 6cwl. at per lb., at what rate per lb. must he sell 
the remainder so as neither to gain nor lose ? 

68. A merchant laid out £69. 6s. In spirits which he bought at 
1 ix. 1 a gallon; he retailed it at i6x. 6d. a gallon, making a profit of 
jfn. I ix.; how many gallons must he have lost by leakage? 

69. £"ii is paid in wages at the end of the week to a certain number of 
men, twice as many women, and three times as many children; each man 
earns 4 1, id. a day, each woman jx, 91 /., and each child is. 4 J.- t how many 
children are there? 

70. There arc five presses striking off at the same rate florins, shillings, 

sixpences, fourpcnces and threejiences, and the value of the money coined 
in a day of 8 hours is £26', 2. 2. 8: how many coins does a press strike 
off in one hour ? * 


VIII. 

71. If a person has a yearly income of /350, and he spends at the rate 
of ^78. io. 8J in 8$ days, how much will he be able to layby at the end 
of the year?, 

73. Find the circumference of the wheel of a locomotive which makes 
on an average 4 revolutions in a second, and which performs a journey of 
76 miles in 1 hour 36 min. 

73, Find the greatest weight that is contained exactly in 3 tons 5 lbs. 
and in 10 tons 3 cwts. 2 ips. 

74. If the value of the United States dollar be +f. id., how many 
dollars must be given for /500? Find also the least number of pounds 
that contains an exact number of dollars. 

• 7;. Divide £i$. 6x. among is men, 17 women and t6 children in such 
a way that a man shall receive 3 times as much as a child, and a woman 
twice as much as a child : what does a woman receive? 

76, A gives Bill gallons of brandy at 31X. 6d. a gallon, and receives 
in return /40. 11. 6 and 780 yards of cloth: what is the price of the 
cloth per yard? 

77, What is the least sum of money that can be paid in francs of 10 d. 
each, in half-crowns, in thalers of ax. 1 id. each, and in dollars 0/ 4J. id. 
each? 

78, Employ short division in dividing 195477 by 7930; write down the 
final remainder, and compare the process by which 195477 in. may be 
reduced to furlongs, yds., ft. and in. 
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79, Divide /n;. 1. 6 among 10 women and 15 men, so that each 
woman may receive 1 $s. more than each man; how much will each 
woman receive? 


80. How long would a column of men 1145 feel in length tike lo 
march ihrough a street 3 furlongs long al the rate of 75 paces a minute, 
each pace being 1} feet? 


81. If aj ounces of gold is worth ^97. 6. 10J, what will Ire the 
worth of t; bars each weighing 5 lbs. 3 or, ? 

82. By the payment of is. iii. in London a hanker will give credit at 
Calcutta for 1 rupee: how many rupees may l>e received in Calcutta for the 
payment of £}qi;*. 6 . 8 in London? 

83. In how many days of 8 hours each trill a person lie able to count 
1,000,000 sovereigns at the rate of 80 per minute? How many will 
remain tn be counted on the morning of the 16th day? 

84. A merchant buys 84 gallons of whiskey at i6j. (fJ. a gallm, and 
sells it at i 6 t- (d. a gallon, making a profit of to guineas; itnw many 
gallons of water did he add to the whiskey? 

85. On the reduction of the income-tax from in the pound (n 4 a 
person saves ^29. 15. 10; find his gr os income. 

86. A man bought tyo apples at 2 a penny, and t so more at 3 a penny, 
and mixed them and sold the whole at f, fir how much did he lose, 
and where did the loss occur? 

87. The total stock of guld coin and bullion in the llauk uf England 

on a certain day being of the value of ,£16548116, and the weight of it 
354160 lbs., determine the value of an ounce of gold. , 

88. The weekly wag^ at a mill amount lo £186. ft. In the mill 
a certain number of women arc employed at is. io?- a day, five limes as 
many men at jr. GJ. a day, and 6 times us many boys at is. 41/. a day: how 
many men are employed? 

89. 1 lb. Troy of standard silver is coined into 66 shillings: what 
would he the error in weight if 364 crowns were considered as each 
weighing 1 oz, Av.? what in value? 

90. A body of military one furlong in length is about to pass through 
a defile 3 miles 44 yds. long al quick step, which is 108 steps of 1 ft. 8 in. 
each per minute; what time must elapse before the last man clears the 
defile? 
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REDUCTION AND THE COMPOUND RULES — FRACTIONS. 

REDUCTION. 

z $ 6 . While “ times” denotes the multiplication of a quantity by 
tut integer, “ of” denotes its multiplication by a fraction, and either 
u times" or “of” its multiplication by a mixed number : — thus we 
say 3 times 7 gallons, 'j of 7 gallons, and either 4? times 7 gallons 
or 4? of ^ gallons, but each expression denotes the multiplication 
of 7 gallons by 3, by j, and by 4$ respectively. 

3 times 7 gallons is then 7 gallons x 3, and it is often written 
3x7 gallons ; but since the Multiplier must he a number, we must 
either read the expression as 3 times 7 gallons, or we must suppose 
Multiplicand and Multiplier to be interchanged. Also 3x7 gallons 
is often used for (3 x 7) gallons, but unless we especially wish to 
shew that the operation has been performed although desirous of 
exhibiting the factors, no harm will arise from neglecting the 
bracket 

257. In Reduction we have to consider the two following cases 

(i) To reduce a fraction of one denomination to a lower de- 
nomination; and conversely, 

(ii) To reduce a quantity of one denomination to a fraction of a 
higher denomination. 


For example, reduce £ 


it 

6 + 


to shillings, and 


7 

^ s. tu pence- 


hence to reduce a fraction of a pound to shillings we multiply the fraction 
by 10, and to reduce a fraction of 1 shilling to pence we multiply the frac- 
tion by ii. And ns a like method is applicable to fractions of other, 
denominations we have this Rule— 

Multiply the fraction of ike given denomination by the number 
i which tells how many of ihe lower denomination make one of the 
given denomination. 
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5157 - 


Ex. I . — of a day = ^ hours = •— hrs. = 7 1 hrs, 

i? *7 9 


and 

and 


8x14x60 . 1180 . ,, . 

= — — — mm.®---— nun.»4i6f muu 

8x14x60x60 , 


II. 

257*. Reduce 5^/. to the fraction of a shilling, and 3^. to the 
fraction of a pound. 

Now sK = 5l of '<*■ -5* ^ “ '• = (:i x ~) J - = •" '• 

and 3 tV- = 3A ° r & ~ = (aft * *)/■ = *£ 

hence to reduce any number of pence to the fraction of a shilling we divide 
the number by 11, and In reduce any number of shillings to the fraction of 
a pound we divide by to. And as a like method is applicable to other 
denominations we have this Ride— 

Divide ike number of the given denomination by tht number 
which tills how many of l hat denomination male one of the higher 
denomination. 


Ex. 1. 

iSJgrt,- ^ dwts, 

= -jsdwts,‘=5 — dwts,; 

9 ^ 5 * 

and 

= i?L 0J 

, = _.IL.. OZi= J 0J!>; 

14 X 20 

96 X 20 123 

and 


-- lh.= * ’!■* lb. sa A lb. 

2 + X 20 X 

13 96 X 20X 12 15 JO 


258. Sometimes in reducing a fraction of one denomination to 
a fraction of another denomination we have to employ both the 
* descending and the ascending process: for example, 

Reduce of a guiya to the fraction of fi ; 

here tlM..denomiDati9n eommon to guineas and pounds is shillings 1 we 
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therefore reduce the given quantity to shillings, and the result lo the 
fraction of a pound ; thus 


p of a guinea = ~ 2 1 


= 39, = r_32_ = /i2. 

1 * * * X 40 "40 


259. The preceding cases enable us 

(i) To reduce a fraction of one denomination to a compound 
quantity of lower denomination : and 

(ii) "Jo reduce a compound quantity to a fraction of a higher 
denomination. 



260. If the denominator of the fraction and the several 
multipliers by which we pass from the given denomination to 
the lower denominations have no common factor, we shall find 
it easier to proceed by Compound Division than by Reduction: 

for example, 

« 

Find the value of $ . 

Since (toj) w « have simply to divide £s by 7, thus 

£■ '• * 

7 ) 5 • 0 ■ 0 

»♦ • ilf 

or, without any arrangtmmi , we may write off at once 

3iK 

In like manner, - cwt. - 5 qrs. 15 lbs. 8oa. i+ldrc. 

9 
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261. And if they have a common factor, wc shall often find it 
convenient to combine the processes of Reduction and Division; 
for example, 

Find the value of ^ of a pole. 

44 


37 poleax 
44 44 




yds. 


4 yds. l ft. toj in. 


where the result yds. is got by Reduction, and the final result by 
Division. 


262. Ex. 2. Reduce 5 cwts. 3 qrs. 24 lbs. to the fraction of a ton. 



3 qrs. 14 lbs. =3$ qrs - cwt. » cwt-, 

4 in 

and 3 cwts. t qrs. 14 lbs. = sj f cwts. - * ton = '^ 7 ton. 

io wo 


Ex. 3. 




Express 16. 6J in pounds only. 


H * 

11 48 


y . 

if." 


■ •Lit 1 6.®=£nll 




263. Sometimes instead of proceeding step by step through all 
the intervening denominations from the lowest to the one required, 
as in the two preceding Examples, we reduce the given quantity to 
its lowest denomination and reach the result in a single Step. 

Ex 2*. Reduce 5 cwts, 3 qrs. 24 lbs. to the fraction of a ton. 


ewu qr». 1H 

_5 * 3 • n 

a3, x 4I 

jW 

608 


’. jewts. 3 qrs. 14 ]1 js. =668 Ihs. 

_ 66 * 

~ 28 X 4 X J 

167 

= /ton. 

560 
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Exercise 36. 

Reduce 

1 . loir/, lo the fract ion of a shilling ; i jJj, to the fraction of a pound. 

I. ? t if a farthing to the fraction of if. ; \d t to the fraction uf/t. 

3- 13 j’</. to shillings, and to the fraction of a pound. 

4. d»j|. to the fraction of t !!>. Tiov ; min. to the fraction of a week. 

5. lift 07 .. to the fraction of a nvt. ; 1 8454] j seconds to hours. 

< 5 . 1067/7 cu. inches to the fraction of a cu. yard. 

7. 4} feel to the fraction of a furlong; \ | sq. yds. In that of an acre. 

8. 491ft hours to the fraction of a year of 365$ days. 

Reduce 

9. {Jr. to farthings: £\\ to shillings; ;£fft to pence. 

to. to the fraction of a penny; ft ■..<■. to the fraction of a 

farthing ; ( ^ ( of a guinea to the fraction of a farthing. 

II. . Ju cwt. to the fraction of 1 Ik; ft ton to qrs.; ft or. to grs. 
ti. lb. Troy tn dwts. ; t y 5 gallon to the fraction of a pint. 

13. „y/, of a mile to poles; j/j’/s miles to yards. 

14. JjJ of an acre to sq. yards; sJjjy acres tn perches. 

Reduce 

'ft* iVf lh. (o the fraction of 1 lb. Troy ; ?, 2 nail lo that of a foot. 

16. J J of a yard to the fraction of an dl ; $ J link to the fraction of a ft. 
•7. 1 1} or. Av. to the fr. of 1 lb. Tr.; 35 lbs. 8$ or. Tr. lo that of a cwjr 
Reduce 

18. 1 Sr. 6r, \ 1 Jr/., 141. 4$ ?</. to the fractions of£i. 

19. ^4. 9. aj, £),. 19. 8J and £$< rC- iftf to pounds only. 

70. 4 or. 15 dwts. 15 grs. to the fraction of a pound Troy; and then to 
the fraction of a lb. 

11. 15 cwts. 3 qrs. 17 lbs. 8 or. lo cwts. and to the fraction of a ton. 

21. 5 bushels 3 pks. 1 gall, to the fraction of a quarter. 

23. 3 qrs. jf lbs. 9 <«. n{ dr. to the fraction of a cwt. 

14. 3 furlongs 29 po. 4 yds. 1 ft. 9 in. to the fraction of a mile. 

R.-5. A. 


>3 
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]Q4 

Reduce 

3}. 8 perches 17 yds. 6^V to perches, and to the fraction of an acre. 
s6. 71 days 6 hrs. 56 m, 15 s. to the fraction nf a year of 365^ days. 
Find the value in lower integral denominations of 
a 7 - lfr*i /lii /iJs» 

18. {lb. Troy; {lb.; l{ 02. Troy; iJJ lbs. Troy; {{ cwt. 

*9- 4 f 4 * °f a ton i i T i of an acre ; furlongs ; WY« of a mile. 

30. {| of a day ; of an acre ; 3 J J of ,V of a cwt. ; 3^ ells. 

... ' d- 

31. of a year of 365 days ; — £■ of a ton ; — of a week. 

tO H 

l I I 

33. 1 jV of — " ■ — uf a gallon ; ^ 1 of - of a perch. 

t + ^ 

. + 3 ’I il <1 

’ 4 

Find the value of 

33 - ^ 7 }+JiV- + ^; ^ 3 i+ 7 ^- + 4 ^ 

34. * cwt. + 81 ll».+ 3 X *, or.; { ©fa Ion + 1 of a cwt. + J of a lb. 

35. 3^ miles- fur. + 35U po.; , s , sq. mile+/, ocre+| ofa rood. 

36. f of a week + { of a day + { of an hour t j of a minute. 


M ULT1 PL! CATION, DIVISION, &c. 

264. (i) To multiply a quantity by a fraction- multiply by the 
numerator and divide the product by the denominator (128). 

(11) To multiply a quantity by a mixed number— (1) multiply 
separately by the integer and by the fraction and add {131 Rk.) ; or 
(2) reduce the mired number to a fraction and proceed by { 1}. 

(iii To divide a quantity by a fraction— multiply by the dertom ■ 
naior and divide the product by the numerator (134 Cor.). 
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(iv) To divide a quantity by a mixed number— reduct the mixed 
number to a fraction , ami proceed by (iii). 

(v) To take a fractional part of a quantity— multiply the. quan- 
tity by the fraction {128) ; that is, proceed by (i) or (ii). 


Ex. 1. Multiply £25. 14. 9$ by fj. 

Ex. 2.' Divide 15 tons 13 cuts. 2qrs. 20 lbs. by 


£■ s. d 

2$ 14 . 95 



11 ) 180 . 3 . 

i6T~ 7 .~ 7 irt 


15 • tj . 


3J 1J9 . 15 . 3 . 0 
36 . i t . 3 • 


Ex. 3. Multiply ^45. t2. 6J by t2 s 8 4 . 


Ex. 4, Divide 345 lbs. 902. i6dwts. 20grs, by 13 J, 


£■ /• d. 

45 • • 6f 

I 3 |-| 

lbs. 01. dwts. grj. 

345 . 9 . 16 . 20 

.9 

5)410 . 13 . 0} 

5 ) 82 . 2 . 7 B 

7 

16 . 8 . 6}^ product by 5 # { 

547 • ro • 9 " 13 

12 ) 2420 . 8 . 17 . 20 

8 ) 201 . 8 . 14 . 19$ 

563". 19 • 

25 . 2 . It . 20^ 

Ex. 5. Find the difference between 
£$• i*. 9 l- 

l of ^35. 14. 7I and of 

• £. r. d. 

35 * *4 • 74 

7 

£■ *■ d 

5 • '4 • 9 ? 

5 

8 } 250 . 2 . 44 6 ) 

28 . 14 ■ o| 

3 ! * 5 • 34 } 

16. 5. 3JI 

4 . 15 . 8V | product by £ 
'!■ 9 • 7 ? 2 


14 . [9 . ii|} Difference reqd. 16 . 5 . 3^4 


(vi) When the quantity is simple or can be easily reduced 
to a simple quantify, the arrangement above is usually dispensed 
with ; we cancel, multiply, and proceed by reduction (259) or by 
compound division (260). 


13-2 
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lix.<5. ; of j guineas = -j- of 4 w. =: — ** s. - 3 tw. =/ 1 . iot. 

Ex. 7, jj of half-a-ciown = x ^ j. = “!~s. - yj. 4^/, (160) 


Ex. 8. ^of/4. 14.31?. 

Ex. 9. Kind the value of $ of a guinea +# of a cro.*'n4§ of 
7s.U'io(2<f. 

> 1 ji ii 1 A, 

a of a guinea=* of ns. -• *\r.=o . 15 . 0 

4 4 4 


g of a crown of jf. 

a«r 7 /.« =Ki *W*» 
5 5 j 2 


i . io\ 


\ . 6 


= -V.= i, 

1 1 

i . i-o Value reqd. 


5 

=i£“ + JW:. ^. + V 

“j^7- *7**- 
-/7- >/• 5$f- 

Ex. i r. From ~ of a mile take - of 3$ poles. 

16 7 

7 - l8 fur. po. ydv ft. in. 


(160) 


• 3 ■ * - 9 ? 

j ■ < * j| TV '6# 

1 .« (*3tf) 

Difference =3 . 1 . 4 . 0 ■ oj 
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Exercise 37. 

Find the value of 


1 . 

^3. 16. 8fxf; 

jtfhii*. 7 li*iV 


■' 

J& 4 - II- SjxiiiVi 

&W' 19. 8| } x 305-. 


3 - 

7 Has. 9 02 . 13 dwts. ai f » T grs. x + | ; 

iqrs. 3 lbs. 11 J oz.x ri|. 


4- 

ignrk 43 m. 56^5, x u,’,,; 

toac. 31. 37 p. ij^yds.x 

tof. 

3 - 

/Os- 8 . 

^18. 16. 747 - 5 - 3 !' 


6. 

£34- *#• 94-91: 

jfB.r8.5U-1!. 


7* 

£ 39 ?(S- 18. 7 !+ijH; 

^879. 16. 7 Jl!- 8 Jt 


8 . 

4lbs. 902. i+dwts. grs.-ri; 

8 days 15 h. 48m. 57^| s. 

-4 b 

s- 

13 cwts. 3qrs. 16 lbs. 15 I oi.-r3f; 

6m. 7 fur. 15 p. o^yds.^ 

3 iV 

10. 

A°f/s- 19- dl; 

!! °f j£ 3 * *4- I0 i 1- 


11 . 

38 of A < 3 - 8? 8; 

19! of ^115. 17. 6|{$. 


it. 

\j of 789^. nor. ; 

J| of 657 gal. 1 4 is. 1 pi. 3 T °j gills. 

> 3 - 

£10. 11. 4} x [ i ? i - £$• 18. 


*4- 

7 i?of/ 7 ‘ * 5 * 3 i-ii'rof/ 9 - 5 - 

i0 l - 3 ^? of £i- ti> 1 14 - 


IJ- 

5 yds. 1 ft. 5} in. x 7I - 9 yds. 1 ft. 

f jj } in. - 15 yds. r ft. 9J in.- 

3 f* 

16. 

Take -ft of £i t . 10.9 from JJ of £6, 6. 9. 


»7- 

Find the difference between $ of 

s. fiit. and jj rif is. 6 J. 



ig, By how much is if o( £1. 7. lijgreater than ij of £r. 3. 2f? 

19- Find the difference between a thirty-fifth part of 95 guineas and a 
twenty-third part of 18. 8. 

to- Find the value of 500 times the difference between an eighty-lourlh 
part of 14 cwts. and a thirtieth part of 1 cwt. o qr. 3 lbs. 

Find the value of 

*1. | of ^ of i of ^ oflialf-a -crown ; ^ of 1 i guineas. 

«. of £$ l ; T S T of half-a-guineat j of $ of 131-. 4J. 

J 3- ^ °f ^4- *4- fS 1 - nf^ of ^ of 1 J of 14" guineas. 
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Find the value of 

14,. ^ of 10 ft. 6$ in. t | of of 3| sq. yds. ; 4^- of 1 qrs. 3 ills. 1 § in. 
74 & 4t 

g 

a 5- 3j} of 3cwt. 3qrs. aolbs.; 4^ of ^ of $ miles 3 f. 37 p. 4 \ yds. 

16. of 3 ac. 1 1. 35 |i.j of ^3* - ^ of 5 cwls. 1 qrs. lolbs. 

yjoz. 

1J. of 4 of 4 |f cu. feet ; of (3* + 1 $) of 5 days 17 J hrs. 

7 * /i 3 * 

a8. of (8f-3f) of gibs. 9?2oz.Troy. 

7r 

Find the sum of 

«9. ~ of 6s. 8 a\ ^ of £7. 3. 9, and ? of £4. 14. j. 

30. - of j of /» , - of - of if. 6 d., and - of io$i/. 

4 a 3 9 4 

31. - of /l. if,, - of - of £ i , ; of ^ of a crown, and ~ of £ of ir. 

9 14 64 38 

31. £ — , \ of 6u. — of a crown, and ^ of a penny. 

J * 13’ 16 40 rj n ' 

33 - | of £is> | Of ~ of £ 1 . IV., and * of yl. 

34. ^ of £1, * of £140. jo. 0, and 2^| of balf-a guinea. 

Find the value of 

33. if of /j . y, + ^ of iRr. iif. - }{ of 4 \d. 

36. (| + A) of a guinea - jj of £l - i of half-a-crown- 

37* | of ^5. io.6-^of lguineas+^ of ^l|Ofjf|. 

3 s - “j" °f £%• 5i - of of £t. o. 6. 

3 9 - of £™- *• + (|) of £ l i' 11 ■ Ji* 

40. year of 365$ days+ 3^ of J of a week+J ol jf hours. 

41. From cwt, take T \ of 1 lbs. 8 or. todrs.; from 6 t \ days take 
the sum of & of a week and }} of a minute. 
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Compare the values of 

41. 1*1 of/r, ^5 of a guinea, and of a crown. 

+3' A of A of j£i. 1*) and i of y- 9^- 

44 - -rAt of a mile, 1? poles, and of a chain. 


265. To find what fraction one concrete quantity is of any other 
of the samP kina. 

For example, express £\. 18. 9 as a fraction of £2. 6. 3. Now 
£1. t8. 9 is 465^. and £ 2 . 6. 3 is 555//. ; hence if we divide £2. 6. 3 
into 555 equal parts and take 465 of these parts wcshall get £1. 18.9; 
and therefore £1. 18, 9 is Iff of £2. 6. 3. 

Or, since 1 d. - s *- 5 of 55^. ; 465 d. = f J* of 555^ 

and therefore £i. 18. 9- 1|| of £ 2 . 6. 3. 

Or again; £\. 18. 9 = 465,/. = 48 4 6 * 5 5 c 6 <f. = ||f x 555 ^- (no) 

-fflotfr 6- 3 * 

/. in each case Fraction required= — = . 

555 37 


But perhaps the simplest as well as the most general way of 
finding what fraction one quantity is of another of the same kind is 
by finding how many times or parts of a time the first quantity 
contains the second, or, in other words, by finding the quotient of 
the first divided by the second (103). Thus taking the preceding 
example 


Fraction required = 


£'• 

& 


16 . 9 ^ 4654/. = 465 = 31 

6.3 555<*~$5S~37’ 


(249) 


Hence to find what fraction one concrete quantity is of any other 
of the same kind we have this Rule— 


Express the two quantities in the same denomination (249), and 
for the required fraction put the first in the numerator and the 
second in the denominator. 
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Ex. 1. Reduce 13J. 6J</. to the fraction of ^t. 12. 4^. 


s. <i. t. d. 

«3 • 

161 388 

651/ 1554/ 

Fraction req. =— •* = 

*554 74 


131. fij</. = t3jV.-i3Ar* 
j£i. II- 4i=3i s V-=3iS^; 

Fraction rcquired= 

_ 3* 

4/' 


What part of ^ of ^ of 3 guineas is ^ of ^ of 15J. 9 d .1 


Fraction required- 


3 of - of Ijlf. 

-r-\ 

- of ; of 6$S. 


3 x 8 ^ 63 x j x 7 

4 9 4 1 * 

‘*4' 




Ex. 3. What fraction of 5|- 3]) of 3 tons 16 cwts. 3 qrs. 22$ lbs. 

3) 

is 7$ of * of 5 cwts. 3 qrs. 3A lbs.? 


5 \ • S\ 


647J 1U. 


76 \ ■ » : f 


86 18 jibs. 


.•. Fraction required = *-> — ffl -— , — - 1 , f ?t 2 

^ (Sl-rf) °f 861 8 | 

_}8 x '5 x 3 9 x 1 *95 x 36 x * 

~ 5 4 74 * 95 43«9» 

= i- 

~u' 


Ex. 4. What fraction of 2 lbs. 10 oz, Av. must be added to 
1 lb. 8 oz. Troy to give 3 lbs. 7 oz. todwts. ? 

lbs. or. dwti. 

We see that this question reduces itself to finding'-- 3 . 7 . to 

tfVhal fraction of 1 lbs. toot. Av. is 1 lb. 11 oz. todwts.? 1.8.0 


. to 
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1 1 m. 10 dwts. = 1 1 $ oz. Tr. lb. Tr. = — lb. Tr. ; 

u 34 

ilb. n oz. iodwts. = i$glb. Tr. = i$gx 5760 grains, 
ilbs. 1001. Av.=i|j lbs, Av, = i|x 7000 grains; 

Fraction required ~ x — x 

i$x;ooo 14 ll 7000 

= « 5 <> 

367S ' 

Exercise 38. 

1. What fraction is <y. i \<i. of ly, sc/.; and 142. io|i/. of £$. 3. 6 |? 

I . What fraction of £i. 19. o$ is £1. 10. oj? 

3. What fraction of 7. 11 is £y 4. o|? 

4. Express 13*. to.Jgi/. as a fraction of £t. 9. 7. 

5. Express 17 s. 3jri</. as a fraction of £1. u. 

6 . What fraction is 37 lbs. not. 15 drs. of 3 cwts. jqrs. at lbs.? 

7. What part of 13 cwts. iqrs. at lbs. is 11 cwts. 1 qr. 14 lbs. 15 os.? 

8. What fraction of 5 ac. 2 r. 1 7 p. is 2 ac. 3c p.? 

9. Reduce 3 qrs. 3J nls. to the fraction of ij*j ells. 

io- Reduce 3 qts. 1 pt. jj> gills to the fraction of 5 gall. 2 qts. 1 pt. 

II. What fraction of 8 lbs. 1 1 j 02. is 3 lbs. 9 oz. 6iJ gis. ? 

1 3. Reduce 3 qrs. 3 lbs. 1 oz. n| drs. to the fraction of 4 cwts. 1 qr. 14 lbs. 

13. Express 1 fur. 19 p. 1 ft. to in. as a fraction of 1 mile 5 f. ifigpo. 

14. What part of 4} of £1 is 3I of a guinea? 

15. W T hat pan of 4! of an oz. Tr. is 1} of an oz,? 

16. Express the difference between £'}\ and $ of £1 as a fraction of 
^10. 6. 8. 

17. Reduce g of 1 yd. 3 qrs. 3} nls. to the fraction of an clL 

18. What fraction of 3 lbs. joz. 6 dwts. i5grs. is 1 lb. 3 oz. radr.? 

19. What fraction is i$sq, yds. 7 ft. 49 in. of 8^ of 5? perches? 

»o. What fraction is 19JJ of 4 cu. yds. 18 ft. nayin. of / ? ofioocu. yds.? 


Now 


and 
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1 1 . Express ftr. - tV' as a fraction of 31 . 1 

11. What part of six guineas and a half is £4. 18. ir|J? 

13. If 15 francs 15c. be equal to £i, what fraction of tr. is r franc? 

54. If 160 dollars be equal to ^33, what fraction is { of a dollar of ^ 
of a crown? 

15. What fraction of of a crown is ft of a guinea, and what ratio 
docs their difference bear to their sum ? 

16. Reduce Iff! of £ 1 to the fraction of a Portuguese gold corda ol 
5000 reis, when 1000 reis=55i/. 

17. Express f of £1 + J of a guinea \ of ir. as a fraction of 3$ guineas. 

28. What fraction of a year of 365$ days is 27 days id h. 29m. 4 s.? 

19. What part of £1. o. 8| is f j of p * of £y 7. 5J? 

30 Reduce — j- of | — of/r-^of ir.l to the fraction of mj. 

* tft |l20 48 J 

31. What weight is the same fraction of 13 cuts. 1 qrs. 13 lbs. that 
£t. 11. 10J is of £$. 10. ij? 

32. Express ~ of £33. 14. 5} as a fraction of /'157. 17. 8J. 

33. What fraction of a Ion added to of 2 cwts. will nuke it equal to 
I cwt. s qrs. 11 ibs.? 

34. Reduce the difference between for. and ft or Troy to the fraction 
of f lb. 

35. Reduce 7§f of to oz. i8dwts, 1 1 grs. lothe fraction of 8 lbs. 8ft or. Av. 

36. A uniform bar of steel weighs 3 qrs, 15 Ibs. 13$ or,; what part must 
be cut off to weigh 58 lbs. 4! or,? 

37. What fraction of £1. 19. 6 must be added to ^ j of (3? + 1|) of 
131. itf. to make the sum equal to £$. 51.? 

38. What fraction of of £%o. 13. 2 j is (8$ - 3U of / j. 9. 1 14? 

39. Find a sum of money that shall be the same part of £\j,. 7. 98 that 
40Z. 7 |Jwts. 5 gn. is of 8 oz. 10 dwts. 1 5 grs. 
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266. SOME APPLICATIONS OF THE PRECEDING RULES. 

1. Method of Reduction to the Unit, 

(1) If 6 cwts, of sugar cost ^33. 1 5. a 

^ 33 ' > 5 . 0 , , 

I CWt. . . . costs , (254) 

(2) If | cwt. of sugar cost ^3. 7. 6 

lew. 

and Jew, ^*5 

or 1 cm. (' 3 +) 

(3) If 6f cwts. of sugar cost 6, 

or if 85 . 637 - 2 . 6 , 

.hen ] cwt 

S S 

Hence whether the number of cwts. be integral or fractional or 
mixed, the value of I cwt. may always be got by dividing the given 
si^m by this number. And generally 

If the value, weight, length of any number of things be given, 

the value, weight, length.., ...of 1 ot them may be always found by 
division. 

Ex, If 6| lbs. of silver be worth £24. 9. 4J, what is the value of 
3 lbs. 901. 12 dwts.? 
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§ 166. 


Since 6j ljbs. is worth £n\ $, 


t lb. 
and lbs. 


/nH 

fi* ’ 

£4*1*3* 

6 * 


(»«, 3) 


or 3 lbs. 902. m]wt& 
or 


£7h f? 4 
3i 5 *7 

/i3- i}. (\ 


or/ 


352 

40 


n. Time and Work, hy Reduction to the Unit. 

(1) If A can do t piece of work in 6 days, 

A can do £ 1 day, 

(2) Jf A can do I piece of work in § day, 

A can do $ J day. 

and // can do J 1 day, 

or A can do * 1 day. 

(3) If A can do 1 piece of work i n 6* days or in 8 t s days, 

A can do — ] day 

T 

or A can do ~ 1 day, 

<5* 1 

Hence the number of pieces of work may always be found by 
dividing I by the number of days, whether this number be in- 
tegral, or fractional, or mixed. 

Conversely, and in like manner, the number of days may always 
be found by dividing 1 by the number of pieces of work, whether 
this number be integral, or fractional, or mixed 

Ex. 1. A can do a piece of work in 10$ days, R in 9} days, and 
C in 5^ days; in how many days can A, R and C working to- 
gether 4o the piece of work? 
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A in 1 day can do of the niece of wArk, B can do and C - 4 - : 

“>i 1 r 5 A 

. A, B, C working together can in j day do 

f + - 4 - ) of the piece of work, 

\io} 9r Si Si 


1 + I + H 

31 48 64 

v_ 

191 


and A, B ami C working together can do the piece of work in 

~ days, or —2 days, or days, 
m 11 

Ex. 2. A and B can do a piece of work in 8 days, A and C in 
103 days, and B and C in 9$ days : in how many days can A alone 
do it? 

Now A and B in 1 day can do ~ of the piece of work, 

and A and C* ~ 

»Oj 

A and B in t day and A and C in 1 day can do ( J + — 7 ) of it, 

\° ,0 t/ 

or A in 1 days and B and C in one day can do ^ of it, 


but B and C in 1 day can do , of it; 

9 * 

/. A alone in 2 days can do [ ^ + -4 - ] of it, 

7 \ 8 *°l 9U 

01 

8 31 48 96 

•. A alone in 1 day can do ~~ of the piece, 

and ‘.A can do (he piece in - days or 113 or 17W days. 

■jVj 11 
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Ex. 3. A cistern can be filled by one tap in 2 hours 20 m., by a 
second in 3^ hours, and can oe emptied by a third in 1 hour 35 m. ; 
if the cistern be empty and the three taps be opened, in how many 
hours will it he filled ? 

2 hours io min. - hre.; 1 hour 35 in.^r, r , hrs. 


The ist tap will till - or ~ of the cistern in t hour, 


md tap 


j] 7 
t 1 
ii ° r 7 ‘ 


and the 3rd tap will empty - or — . 

•nr *9 


. *. when all three taps are running they will fill 

[4 + ?_ !.M 0 f (he cistem in 1 hour. 
\7 7 19/ 


'}$ 


they will till the cistem i 


or tij>j hours. 


m. Banos op a Clock. 

At what time after 2 o’clock will the minute and hour-hands of a 
watch first be at right angles to each other, or be fifteen minutes 
apart, and when will they next be at right angles again? 

When the event first happens the minute-hand will have gained 25 m. 
on the hour-hand tine/ 1 o'clock ; and when it happens again will have 
gained 30 additional minutes, or will have gained 35 m. since 1 o’clock. ' 

The minute-hand gains 1 1 tn. on ever)' 11 m. it advances 

or ie . , — 

U 

-*• * 5 *. . . 

and 35 m. . . 3} x || or 60 m. . 

_ /.the event first happens at «7^ m, past 1 o'clock, and again at 60 m. 
past ?, or at 3 o'clock. 
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IV. I. EAST C0MM0N'|MuLTJPLB. 

A , B and C start from the same point and travel in the same 
direction round an island 73 miles in circumference, A at the 
rate of 10, B at the rate of 14, and C at the rate of 16 miles a day: 
in how many days will they all come together again ? 

B gains 4 miles on A every day, therefore he gains 73 miles or a 
complete round in ^ days, that is A and B arc together at the end of 

every — days; in like manner A and l’ are together at the end of 
every days; and therefore A, B and C are together at the end of 
any number of days which is a oommon multiple of — and y ; 

but L.C.M. of ~ and is (135} 

therefore A, B, C are first together at the end of y or 364 days. 


A post is divided into four parts ; the first part is $ of the whole 
length, the second part is f of the first, the third -£ of the second, 
and the fourth is 1 yard 8 in, : find the length of the post. 

The second part is ’of ^ , or * of the whole length ; 


.\ the third part is ■ of - , or . . . . 
9 7 9 

j 1 i 50 

\ the first three parts are * ■+ - + - or ^ . 


and the fourth part is ^ 

but the fourth part is r yd. 8 in, or 1$ yds. 

} of the whole length is ij yds. ; 

63 

and the whole length is ~ yds. or r 94 yds. (a< 56 , 
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A person has a number of oranges to dispose of: he sells half of 
what he has and one more to A, half of the remainder and one 
more to B , half the remainder and one more to C, and half the 
remainder and one more to D: by which time he has disposed of 
all he had. How many had he at first ? 

When he had given half his oranges to D he hail one left; therefore 
he had ixi or a before D came, and therefore he had 3 before he had 
given the 1 orange to C’: but this is the number he had left when lie 
had given half his oranges to t', therefore he had 1x3 or 6 before C 
came, and therefore he had ; before he hail given the 1 orange to />’, 
and therefore {as before) he had 1 x ; or 14 More /»* came; therefore he 
had is before he had given the 1 orange to .•/, and therefore he had 2x15 
or 30 lieforc A came : that is, he had thirty oranges at first. 


Exercise 39. 


r. Reduce jf}| of £i to the fraction of a thaler, when 6| thalers arc 
equal to ws. 

1. If | of an estate be worth £110, what is the value of j* r of the 
same? 

3. A alone can do a piece of work in to days, B alone can do it in 14 
days : how many days would the two together be in doing it? 

4. At what time between 1 and 3 o’clock arc the hands of a clock 
exactly together? 

j, If of a number exceeds J of half the number by 40J, what must 
the number be? 

6. Find the least sum of money that contains an exact number of thalers 
of 13. 11J1*. each, and of dollars of 4J. 1 \<l each. 

7. A legacy of £897, 1 gr, is to be divided among A, If and C. A is to 
receive B is tu receive ], and C the remainder. Find what sum B will 
receive, and the fraction of the whole to be paid to ('■ 

8. Sound travels at the rate of M40 feet a second. If a shot be fired 
from a ship moving at the rate of to miles an hour, how far will the ship 
have moved before the report is heard 14J mile* off? 
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9. A and B can do a piece of work ink days, B and C can do it in 7 
days, and A, B and C ran do it in 4 days. |How long would A and C, take 
to do it? 

10. A hare starts 40 yards before a greyhound and is not seen by him 
till she has been up 30 seconds. She runs at the rate of 11 and the hound 
at l tie rate of 15 miles an hour: how long will the chase last, and what 
distance will the hound have run? 


11. What fraction of V crown is j* 4 of half-a guinea? and what 
ratio docs their difference bear to their suin ? 

11. If j j of a lottery ticket is worth ,£4. 10/., what is the value of 4 of 
the ticket? 

13. A cistern is fed by a spout which can fill it in 3 hours; how long 
would it take to fill it, if the cistern has a leak which would empty it in 
17 hours? 

, , , ,14 lbs. 8 or. tS dwls. , , , 

i+. r md the value of ,, , oi ks. iW. 

+ rib. to dwls. 

15. There is a number to which 3 is added and of the result taken; 
to this $ is added and of the result taken, giving what is the number? 

16. Find the least number of sovereigns that contains an exact number 
of io-franc pieces of isj. n^if. each. 

17. Five brothers join in paying a sum of money: the eldest pays a 
third of it, and the others pay the remainder in equal shares, and thereby 
each of them jays ^84 less than the eldest brother. What is the sum of 
money? 

18. An elastic hall after striking l!m ground rises to 4 of the height from 
which it fell. After striking the ground the third time it rises 34 inches: 
from what height did it fail at first? 

19. A does 5 of a piece of work in 4 hours, B does f of what remains 
in t hour, and C finishes it in 10 minutes. How long would, they have 
been doing the whole, if they had worked together ? 

10. Two boats row a race over a straight course 1 mile 995 yards long, 
their rates of speed being 11 miles and nf J miles an liour respectively. 
Assuming that sound travels at the rate of 1 140 feel in a second, find how 
much the faster boat will be ahead of the other when the sound of the gun 
fired at starting is heard at the winning-post. 


B.-S, A. 


14 
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31 * What part of 40502. yuwts. 21 grs. is 90 02. 1 dwt. ttigrs.; and how 
often is the latter quantity contained in the former P 

aa. Find the value of a ton and a third of sugar, when of a ton 
is worth y. 

23. If 3 men with 4 buys eam £{,. 16 s. in 8 days, and 1 men with 3 boys 
earn £4 in the same time : in what time will 6 men and 7 boys eam 

20 guineas? 

24. Find the average of 17^, 15$, yfij, 10, o, 41! and j6. 

35, A screw advances fa inch at each turn : how many Lurns must be 
taken for it to advance ;f inches? 

26, Find the least number of lbs. Av. that contains an exact number of 
ounces Av. and ounces Troy. 

37. A person left i T j of his properly to his elder son, and ^ of the 
remainder to his younger son, and the rent to his widow. The elder son 
received ,4514. 6. 8 more than the younger: how much did the widow 
receive? 

28. A fanner paid a coin rent of 5 <jrs. of wheat and 3 qrs. of barley, 
Winchester measure. What was the value of his rent wheif wheat was 
6oj. and barley 34/. a quarter imperial measure, supposing an imperial 
gallon to be || of a Winchester gallon ? 

39. If a piece of work can be done in jo days by 35 men working at it 
together, and if after working together for n days r6 of the men leave the 
work, find the number of days in which the remaining men would finish the 
work. 

30. A has three times as much money as />’. They play together, and 
at the end of the first game B wins from A three-eighths of /l's money: 
what fraction of the sum which H now has must A win back in the second 
game that they may have exactly equal sums ? 


31. What fraction is 9 sq. poles 25 yds, 4 ft. 8r in. of 29 sq. poles 
28 yds, » ft. 57 in.? 

31. If 4$ of a sum of money be equal to of £t. 11. io|, find what 
the sum must be. 

33. A certain number of men mow 4 acres of grass in 3 hours, and a 
certain number of others mow 8 acres in j hours : how long will they be in 
mowing it acres if all work together? 
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34. At whit time after 5 o’clock at£ the hands of a watch exactly 
opposite to each other ? 

35. A man's debts amount to ^ of his property, but before paying 
theru he loses J of his property ; afterwards he recovers a portion equal to 
{, of what he has left, and t en loses J, of what he has got. Can he pay 
his debts? What part of his property remains over? 


36. Find the Least sum of money that can be paid in coins of the 
respective value of £$. 17. to£ and £$. 11. 3I. 


37. A had tor. in his purse, and B having paid A 1 x of £1. it. 6 

*y 

Linds that he has remaining ,'j of the sum which A now has: what had B 
at first ? 


38. If from a thing an eighth part is taken away, and then from the 
remainder an eighth part, and so on ; after how many operations will what 
is left lie less than half the original thing? 

39. A can tin in 1 days as much work us B iu 3 days, and B in 5 days 
as much work as C in 4 days; what time will C require to finish a piece of 
work which A can do in 9 days ? 

40. A tank can lie filled by 3 separate pipes : by the first in 10, by the 
second in 9, and by llic third in 8 horn's. It is supplied by the first pipe 
till it is a quarter full, and then the second is also turned un till it becomes 
half full, and then all three begiu to run. How long would it take to fill 
the lank ? 


41. Find the value of * of £t multiplied by 6f, and of $ of of £ 1 
cflvided by 

41. If 4 J oz. of tea cost 6fr., what will 3of lbs. cost? 

43. The wages of A and li together for days amount to the same 
sum as the wages of A alone for 384 days. For how many days will this 
sum pay the wages of B alone ? 

44. At what time alter tj o'clock arc the hands of a clock exactly 
together? 

45. If a man rows 10 miles in 1$ hours against a slrcam, the rale of 
which is 3 miles an hour, how long will he be in rowing 5 miles with the 
*trewn? 


14-2 
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46, Find the least number of) sovereigns that contains an exact number 
of thalers and of dollars : 48 tV tiers being worth £~. 31, and 8 dollars 

a-. A met two beggars /? and C, and having - of l °J of of a 

4f ?J 400 

sovereign in his jiocket, gave Jf 1 of $ of that sum, and C | of the re- 
mainder: what did each receive? 

48. An excursion train a quarter of a mile long leaves a station at 8 h. 
21 in., and travels at the rate of 40 miles an hour : the ordinary tlaln which 
travels at the nte of 66 feet a second leaves the station at 8 h- 36 m. and 
follows the other. At what lime may a collision be expected ? 

49. A can do half a piece of work in 3 hours, which is twice as much 
as ft can do, and A, B and C together can do the whole in 2} hours. How 
long will it take B to do what C can do in 3 hours ? 

50. 1 have to t>e at a certain place at a certain time, and l find that if 
I walk at the rate of 4 miles an hour I shall be j minutes too late; if at the 
rate of 3 miles an hour, I shall be 10 minutes too soon. How far have I 
logo? 


VI. 

$1. Add together } of £\. If-, f of £1. 6. 4, and } of jr. 8 </., and 
express their sum as a fraction of 6 s, 

31, If 3 cwts. 3 qrs. a 1 lbs. j if oi. cost £ 4 . 8 . 9; what is the price per ewt,? 

33. If 6 men and 1 buys can reap 33 acres in 1 days, and 7 men and 
5 boys can reap 33 acres in 4 days; how Jung will it take 1 men and 1 boys 
to reap 10 acres? 

34. The time past noon is equal to j*j of the time to midnight : what is 
the time? 

55. A and B are travelling on the same road in opposite directions: A 
at the rate of 3} and B at the rale of 4? miles per hour : what is their rate 
of approach or separation per hour? If at starting they arc 13 miles apart 
and they approach each other, in what lime will they meet? 

56. At what o’clock will a train which leaves London for Swindon at 
3.45 f.m. and goes at the rate of 41 miles an hour meet a train which leaves 
Swindon for London at 1.43 p.m. and goes at the rate of 33 miles an hour; 
the distance between London and Swindon being 80 miles? and at what 
distance from London will they meet ? 
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5 j. Express a degree of 69 £ miles in tjtetres, supposing 3* metres to be 
equal to 35 yards. 

58. How much ore must be raised, that on losing in roasting, and 
•jj of the residue in smelting, there may result 506 tons of pure metal? 

59. A cistern is supplied by two pipes, one of which would 611 it in 5 
hours and the other in 6 hours: there is a lap to the cistern which would 
empty it in 30 hours, and a leak that would empty it in 3 days : if while 
the cistery is luring filled by the two pipes the tap and the leak arc also 
running, what part uf the cistern would remain empty in 3 hours? 

60. Two boats start to row a race at 3 o’clock. The winning boat 
comes in at 6} min. past 3, 40 yards ahead of the other. At 4 min. past 3 
the losing boat was 1 140 yards from the winning-post. Find the length of 
the course, anti the speed of the winning boat in miles per hour. 

VII. 

fit. Add together { of a guinea, 4 of a pound, and * of a shilling, and 
reduce their sum to the fraction of 13J. fitf. 

61. Find the value of ^ of of 3 sq. yds. 6 ft. at of ^ of +r. vi. 
per sq. foot. 

63. A man and his son can drink a barrel of beer in i$ days. They 
drink together for 6 days, and then the son alone drinks the remainder in 
30 days : in what time can cither alone drink the band? 

64. At what times between 6 and 7 o'clock are the hands of a clock 15 
minutes apart? 

a 65, The i }, h and } »f a number are added together, and the sum is 
diminished by 139, giving 1343 as the difference: what is the number? 

66. If standard gold which is worth /$. 17. io\ an or. be still further 
alloyed so as to be worth only £$. 16. 14 an or., find the least number of 
sovereigns made of the latter composition which shall be equal to an exact 
nuinlrcr nude of standard gold. 

67. The adult population of a country is 12815210; the adult females 
are ft of * hc whole population, and (he adult males are of the adult 
females : find the whole population. 

68. For 500 yards A can run at an average rate of 1 ij miles and B of 
ii\ miles an hour : what start may B give to A in a race of 500 yards, 
that B may win by a yard? 



214 £.\\U'C/SES. Ex.39.vli. 

69. A can by himself perfornha certain quantity of work in 5 days, B 
twice as much in 7, and C four tick's as much in 1 « days: in what time can 
A, B and C together perform 3 limes the original work? 

70. A has twice as much money as B. They play together, and at the 
end of the fust game B wins from A ime-third of A ' s money : what fraction 
of the sum which ft now lias must A win buck in the second game that 
they may have exactly equal sums? 


vni. 

7 1 . Find the value of 1 4 of || of 1 ^ of 3 days 1 hr*. 

;a. If a silver cup weighing :aoz. ipdwis. 2,*igrs. cost £$. rj. 3, 
♦hat is the price per 0/..? 

73. Three gardeners working all day can plant a field in io days; but 
one of them having other employment can only work half-time: how long 
will it take them to complete the woik? 

74. Find the average of n|, 735, 0, Si, 1 ; 5J and 9*,. 

7$. A and B are travelling 011 the same road in the same direction ; A 
at the rate of 10 miles in 3 hours, and B at the rate of 1 9 miles in 5 hours: 
find their rate of approach or of separation per hour. If at starting B is 
5! miles behind A, in how many hours will he come up with him? 

76. Find the least numltcr of lbs, Troy that contains an exact number 
of drams. 

s{| 

77. A and B have t8r, and nr. respectively: if A rive B — r of « 

«Jt* 4 ? 

of twice the difference of their respective sums, and then of { of «J’s 
present sum 1* added to of 4 of fl\ t w s money will be | of the resulp 
What is the value of J of C ' s money? 

78. An elastic bull after each rclmund rises to J of the height from 
which it fell : after how many rebounds will the height to which it rises be 
less than ^ of the height from which it fell at first? 

79. A alone can perform a piece of work in 1 j hours; A and C together 
can do it in 3 hours; and Cs work is J of /fs. A begins work at 3 o’clock: 
at what time might B and C to join him, so that all working together may 
complete the work by ja o’clock? 

8a I have to earn a certain sum of money by selling a certain numlier 
of nuU,atul I find that if t sell at the rate of 40 a penny 1 shall earn roi/, 
too much, if at 30 a penny 51/. too little. 1 low many have I to sell? 
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81. What fraction is 8 lbs. 1 oz. rydwfs. ygis. of ijlbs. j oz. 5 dwls. 
15 gm.; and if the former quantity cost ^10. 6. 6 what will the latter cost? 


8j. A was owner of ~ of a privateer, and sold - 3 of - of his share for 
r 7 n 9 

/ 1 3 j 4 ! : what was the value of - • of ^ of the vessel at the same rate? 

5f 

83. A performs y of a piece of work in 13 days, and with the help of 
B finishes it in 6 days ; in what time could each of them do the piece of 
work separately? 


84. At what time lietween 11 and it o’clock mil the minute-hand be 
to minutes behind the hour-hand? 


8j. On a stream, H is intermediate to and equidistant from A and C : a* 
boat can go from A to I) and back in 3 hours 45 m. , from A toCin 2 £ hours. 

1 low long would it take to go from C to A ? 

86. If 1 or* of standard gold be worth £$• 17. ioJ, find the least 
number of ounces that can be coined (1 ) into an exact number of sovereigns, 
and (a) into an exact number of guineas. 

87. The sea occupies of the surface of the globe. The surface of 
Asia is Yr 1 of that of Euro|>c, of Africa is y, of America is y 9 1 -, and of 
Oceania is the surface of Africa is 12006112 sq. mites: find the surface 
of the globe. 

88. On measuring a distance of 31 yards with a rod of a certain length 
it was found that the rod was contained 41 times with half an inch over: 
how many inches will there be over in measuring 44 yards with the same 
rod? 

*89. A vessel whose speed was 9$ miles per hour started at 8 o clock 
to go a distance of 74 miles. A second vessel, whose speed was to that 
of the first as 8 to 5, starling from the same place arrived 3 min. before 
the first. When did the second vessel start? 

90. A man can do 4 times a certain work in 9 hours, a woman 3 
times the work in 10 hours, and a child twice the work in 1 r hours: if 
man, woman and child work together, in what time can they do 7 limes 
the work ? 

91, Two boats start to row a race at 3 o'clock. The race is over at 
6| min. past 3, the losing boat being 40 yards behind at the finish. At 
4 min. past 3, this boat was 700 yards from, the winning-post, Find the 
speed of each boat in miles per hour. 



REDUCTION AND THh COMPOUND RULES,— DECIMALS. 
DEDUCTION. 

267. In Reduction we have to consider the two following 
cases :~ 

(i) To reduce a decimal of one denomination to a lower de- 
nomination : and conversely 

(ii) To reduce a quantity of one denomination to a decimal of 
a higher denomination. 

I. 

Proceeding as in Art. 256, wc get in reality the same Rule : - 
Multiply the decimal of the given denomination by the number 
which tells how many of the lower denomination make one of the 
given denomination. 

Ex. Reduce ’>49^75 a day to hours, to minutes, and to 
seconds. 

•549675 day. 



(3-1911.. hours. For *549675 of a day '549675 of 14 hours. 

60 = >49675 x 34 hours. 

79 (-531,. minutes. — 13*1911 hours, &c. 

60 

4749191 .. seconds. 

Hence *549675 of a day = 13*1911 hrs. =791-531 min, =47491-91 sec. 


Proceeding as in Art. 257, wc gel in reality the same Rule 
Divide the number of the given denomination by (he number 
which tells herw many of that denomination make one of the higher 
denomination. 

Ex. Express 2 1 $ grains as a decimal of a dwt., an ot, and a lb. 
jfi ? »‘ 75 g«- 
‘ 3 ) *7«»75 

10) 90615 dw(. 

n ) 0453' 35 

00377604 16 1b. 

Hence ll | grs. = '90615 dwl. = 0453 11501. = 0037760416 lb. Tr. 


We see at sight that it j = 11-75, and lo reduce 
11 -75 grs, to the decimal of a dwt. we divide by 
14, to the decimal of an oz. we divide by 14 x 10, 
&c. 



§i68. COMPOUND RULES. \DECIMALS. # 217 


III. 

268. Sometimes in reducing a decimal of one denomination to 
a decimal of another denomination, wc have to employ “both the 
descending and the ascending process ; for example 

Reduce 78936 of a guinea to the decimal of ^1 : 
here the denomination common to guineas and to pounds is shil- 
lings ; we* therefore reduce the given quantity to shillings, and the 
result to the decimal of a pound; thus 


•78936 guin. 


10 ) 16*57656 s. 
'‘£828818 


,\ 7X936 guineas £828818. 


269. The preceding cases enable us 

(i) To reduce a decimal of one denomination to a compound 
quantity of Imtr denominations ; and 

(ii) To reduce <7 compound quantity (0 a decimal of a higher 
denomination. 


Ex. 1. Find the value of 5 34795 t<m5t 
5*34*95 lon$ 

70 

6*959 cwts. 


3*836 qrs. 

18 

13*408 lbs. 
16 

6*518 or. 
*16 


Since *34795 tons- 6*959 cwte 

5*34795 tons- 5 10118 ®"959 cwts. 
In like manner 6*959 cwts * = 6 cw,s - 3' 836 qrs. 
5'34795 tons =5 tons 6 cwts. 3*836 qrs., &c. 


8*448 drs. 

llencc 5*34795 tons=5 tons 6 cwts. 3 qrs. 13 lbs. 6 oz. 8*448 drs. 


Ex. 2. Reduce iy. (s\d. to the decimal of £\ : and express 
£8. 13. 6J in pounds only. 

4 ) 3 y. §</. — *75(7,, therefore 6 J(f.= 675 /i '- 

11 6*75^.= *56451., therefore ijj* = 13*56*$* 

wYtyriiy- 1 3-56157. -jf‘678 ( 15, ,*. ijx. 6 |rf.= 4 * 6 7 8lJ 5 . 

and £8. 1 3* 61=^8*6781^5. 
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§169. 


Ex. 3. Find the value of! 8447916 of /1. 

£ . 1 / , 

•84+7916 '84+7916 

_ *> i 6 ' 89 JB 3 j 4 . 

16-8958335. io‘7 5 rf. 

11 5 * 

Value required =165. io$d. 


Ex. 4. 
guineas. 


11 


Find what decimal ^2. 15. 9^3 is of a guinea, and of 4$ 

i )r*f- 

11 ) 90 1 i. 

| 3 ) 3 5'8 j- 

(7 fi8-6 

rdjJi+iSj! guineas 

1 ■ ■ j£i* >5- 9* « ~ 1 ‘657 1 +t8 f, guineas 

9 ) 5*3 >418 57 = ‘5^o+7*l «f B«in> 

•590+761 


Ex. 5. Reduce 5 furlongs iS p. 3 yds. 2 ft. it -4 in. to the decimal 
of a mile, and to the decimal of 25 miles. 

11) u + in. 

3 ) i '95 ft- 
3 983 yds. 

1 

11 ) 7'96& 

+0) 18 714 po. 

8 ) 5-468166 fur. 

'6835131$* mile 
5 

*3 ) 3’4« *566187 

•161889714+511 ol 1! miles. 


Ex. 6. Express 12 or. ijdrs. as a decimal of 1 lb- Troy. 
16 ) 1 j drs. 

16 )ia - 9375 m. 

' 80*59375 Av. 

, 7000 

7 [ 8 ) 5 66 0' 1561 5 grains 

H l i ) 707‘ 5' 953115 
10 h 35 .‘ 839 . 8 43 'f t!v,ts - 

*» ) n '7919911875 or, Troy 
981666015615 |b, Troy. 
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Exercise 4<l 

Reduce 

*• to pence; ‘03125/. and £‘89479 1<5 to farthings. 

1. -7859 cwl. Ig ounces; -6 19791^ lb. Troy to grains. 

$■ *‘34934 niiles to yards ; 3-6874 acres to sq. yards. 

4- '0475 gallon to pints; ’67837142& week to minutes. 

5 * ’ 335 f -i 6'375</. ( 4068/. to the dec. of£i. 

6* 47'733 ll». to the dec. of a ton; 10 drs. to the dec. of 1 lb. 

7 - 5 I 7‘3994 yds. to the dec. of a mile; 37 9872 sec. to the dec. of a day. 

8- 420*8(38 sq. yds. to the dec. of an acre; 1 02. to the dec- of 1 cwt. 

9. '625 of £t to the dec. of a guinea, and of half-a-guinea. 

to- 3*589 po. to the dec. of a chain ; '4326 yd. to the doc. of an ell. 
it. 1 or. Av. to the dec. of 1 oz. T toy ; '54375 lb. Troy to ounces Av. 
II* “*7575 sq* chain to sq. yards ; 1 perch to the dec. of I sq. furlong. 

13. l*ind the decimal of a leap year which differs from a week by less 
than the ten-thousandth of a leap year. 

14. Reduce 5^/., }</., $/, 1 j J,/., £1 . 14, iol to the decimal of tr. 

15. Express iar. » Jr/,, 1 ;r. oft/. , 1 J/., ij</. }, each as a decimal of£t. 
t6. Express as a decimal of £1 £3. 18. nj, £1. 15, pf, and 

Ci- 7 * sl- 
ip. Express 1 is. 6jrf. as a decimal of £r, of £(00, and of £001. 

18. Reduce 18;. k i^df. to the decimal of a guinea; £1. 4. 4* to the 
defimal of jji, 

19. Reduce £3. 15. tj\ to the decimal of £9; +f guineas to the 
decimal of £30. 

10. Reduce £1. 17. 9! to the decimal of £3. IJS. ; iw. o|cf. to the 
decimal of 3} guineas. 

at. Reduce 3/. 3f'68sj to the decimal of £10; 5 J. to the 

decimal of t} guinea. 

22. Reduce £1. 15. djl to the decimal of £5. 5/.; £13* <>• &U to 

the decimal of £50. 

23, What decimal is £4. 6. 4$ ot ^5; 18. m| 4 of 6 guineas 

and a half; and £ 18. 1 9. GJ J of 25 guineas? 
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14, Reduce 10 <w. 11 dwtj- 7 1$ ets. to the dec. of 1 lb. Troy; and of 
1 ib, Av. 


15. Reduce 4 cwts. 1 qr. io| lbs. to the dec. of 1 cwt.; 17 cwts. 3 qrs. 
17 lbs. oz. to the dec. of a ton. 

16. Express 1 1 yards, 3 furlongs 46 yards, and 6 yds. 1 ft. 7 j in. each as 
a decimal of a mile. 


27. Express 186 yards 1 ft. Xj* in. as a dec. of a chain and of a link; 
and 1 qrs. 3 nls. 1 J in. as a dec. of an ell. • 

58. Express 9 cwts. 13 lbs. 4 oz. 3*84 drs. as a dec. of a ton; and t gall. 
3 qt$. t£ pt. as a dec. of a gallon. 

19. Express 3 days 1 1 h. 15 m. 37*91 s. as a decimal of a week. 

30. Reduce 9 or. ij/j drs. to the dec. of i lb.; 14} oz. to the dec. of 
1 or. Troy; 10 lbs. 13 or. 13 drs. to the dec. of 1 lb. Troy. 

31. Express 17 tbs, 6 or. lodwt*. 7 1 grs. as a dec. of r cwt.; 19 days 
i 3 h. 44 m. 3 '8 1 s. as a dec. of a day; 3 qrs. 3 bush. 3 pk. j gall, as a dec. 
of a load. 


31, Reduce } poles 4 yds. 1} ft. to the dec. of a furlong; 3 rex* 1 s 3t p. 
i 4 .S yds. to the dec of an acre; 13 cu. feet 1313 cu. in. to the dec. of a cu. 
yard. 

33. Reduce 3 cwts. 3 qrs. 6 11 k. 13 or. drs, to the dec. of a ton; 
ii hours 55 m. s. to the dec. of a day; 7 sq. chains 13 per. 132 yds. to 
the dec. of an acre, 

34. Reduce 1 fur. 1 1 yds. 1 ft. 9 in. to the dec. of a mile; 171 days 4 h. 
31 m. 36 s. to the dec. of a year of 363 days. 

33. Find a dec. of a month which differs from 3 weeks 4 d. 5 b, 6 m. 7 s. 
by less than the millionth of a month. 

Find the value of 

36. 0615 of a shilling ; '4375 of C 1 > ‘334375 *>f L 1* 

37. -97916 of if.; , 76334 ^ofZi; '001083 of £1. 

38. 3‘45%«i Z57989583; 1 015 guinea. 

39. *317 1 5 of a cwt. ; *3375 of an acre; 3 -4687 5 qrs. (dry >. 

40 r*g ell ; '4765615 of a mile ; 1*5384375 days. 

41. *8716 ton ; -107141X5 of a cwt. ; ‘7X40$ of an acre. 

41. '01134375 ton; 1-175X6805 lire Troy; 000035511363 mile, 

43. )C-otii+ ’06151.+ y. + 4 J. 7 J<f.; ' 9 * 7 & 97 fi wre. 

44, *175 ton+ 195 cwt. + '145 qr, + '15 lb. 
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MULTIPLICATION, 1 
270. To multiply or divide a quant 
the value of a decimal of a quantity. 

VISION. 

ty by a decimal, or to find 


(t) We may express the given quantity, when necessary, as a 
simple quantity, and perform the required operation : or 
(j) We may reduce the decimal to a fraction in its lowest 
terms , and proceed as in fractions (264). We must frequently have 
recourse to this method when the decimal is repeating and the 
result is required to be exact. 

Ex. 1. Multiply £$. 14. 6J by 2*46875 ; or 

Find the value of 2*46875 of ^3. 14. 6J. 


£. '• 

a »♦ ■ 

10 

~ 74 

11 

4_ 

3579 / 


Ex. 2. 
diameter : 


d. 


1*46875 

2*16875 * J lWlVl " *11* 

3579 


222187* 

£■ s. d. 

1728125 

3 . 14 . 62 

2234373 

*5 

740615 

4 ) 55 ■ 18 • 5 l 

+ ) 8835*65615 

8 ) rs . 19 ■ 7 i i 


i . 14 • t*iU 

10 } 184 . oj 

1 * 9 • *4 

^9.4. oj *65615 

^9 ■ 4 * °| H 


The circumference of a circle is 314159 times its 
find the diameter of a circle whose circumference is 


13yds. 2ft. 7 Jin. 

11 ) 775 
3 KM* 
13*88194 


3 ' , 4 **i i 9 ) 13*8819+ { +*4 *876 

131558 1*25628 
5894 3'0/53C 
2752 


139 

.*. Quotient - 4 yds. 1 ft. 3*075. ..in. 10 

Ex. 3. Find the value of 2 86805 of y. + ^j of 41*. -r8 of $s. 


1 ‘86805 

*83 

1*8 

5 

3 

8*604 [8 (16 5 } 

Hi 

9 ’ 




n ‘9375 ( l6 °) 




_i 

i‘937S f * 

11*15 


Value required n}d. 
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Ex. 4. Fmd the value o,3‘3 of 4-4 of 1 sq. ft. 3 in. 
j 735 

Value required s=j| x ^4 x i T |t sq. ft. 

= 1 ® X !° X 22 ? x i? sq ft. 

3 9 735 +8 

sq- ft.=io|sq, ft. 

= 20 sq. ft. 80 in. 

Exercise 41. 

Find the value of 

t. ‘781*5 of j£6; 1*3456 of £5; 3 9583 of £8. 

i- '7365 of f)i. fW. ; 365 of £\. 0. 10; 1343 of £\. rji. 

3. 31015 of half-a-crowo ; *59375 of u)s. yl.\ *348 1 uf/4. 18. 8. 

4. 00390635 of £1. 12; -04-4609375 of £ 10. 13. 4; 4’409$of 

£t. ij. 8. 

5. -3791 of £$, 18. 1$ j '0013 0^3. 17. ioi ; 00015746 of £8 1 . 

6- j£ 8 ’ 4 - tj. 4 * >** 75 *. £4- 1 5 - 7ix *4*5775. 

7 - £i°- >5- 9x * j68; £n. 18. 7^345-67. 
i. jfjioj. 6. 8+51*1; £n- »9- iH 13*53- 

9* £i°i- 1 16-311; £19.0. 9084 15-07. 

10. 17 Us. 13 a 1. 15 drs, x ‘4351 ; 3U*. 9 0?.. 8 dwts, 1 3gts. x 46-801. 
tf. ‘9765615 of 1 tons t8 cwts. 3 qrs, 14 lbs. 

u. 30 po. 4yds. i ft. 9 in. 4 15-615; 115 days l 4 h. 36m. +8-7 1846. 
13. Vx‘47 of ^36*. 3. 3; -olx-iol of ^74. t8. 6. 

14 - of 3 hrs, 51m. 16s.; ‘53371418 of 1 cwts. 3qrs. 17J lbs, 

15 * oU of 305 sc. j r. 20 p.; I3'i6j79fi of 3 miles 7 fur. «4poles. 

16, Reduce '583 to a fraction, and find the number of grains it ex- 
presses when the unit is 3 0 1. 5 dwts. 

17. What does '54I89 represent when r u. 4 d. is taken as the unit? 
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Find the value of 

18. J‘6875 of - ’0016875 of £$■ 91. |- 16-875 of is. 6 d. 

19. 1*875 of iCi- ■'< + r$75 of a crown* 1*875 of ^3*6*5. 
to. 8*71875 of &/, + 1 ‘468 75 of 6s. &J. - -0655 of 8 guineas. 

11. ‘375 of 6s. id. + *941875 of 4s. + 19697 1 of is. 

12. ’615 of fix. is. + ’$4 of 8s. j(/.+ ’oi? of fit. 15s. 

n- **5i«f/£- i‘ 9+'*5* of/n. 5. 6 + ‘3115 of fit. w 


14. - of of fit. iSf, + - of *375 of 15s. + - of '419 of 8s, y, 

4 9 s 3 5 


15. '03125 of fi^o + '7*9 of 6s. 2 d. Y 749 of fit. 1. 3. 

26. ’857141 of 10625 tons +'$7*4*8 of 3-375 cwts. +7 14*85 of 
nj qrs. 4 - '185714 “f lo'jlh^ 

77. Add 1175 of a sq. yard to 375 of a square foot, and find the value 
at 3s. y. per foot. 


38. Find the difference between *856 of 20 guineas and *899 of £io. 


19. Find the difference between 3*14 of ^236. 5*. 
/136. $s. 


2-8 of 1*4} 4’4-2’83 

30. 

represents, when fix, 14. 6| -875 is taken a 


/i«!i 

2-13 
is the unit. 


and 3’ 24 of 


271. To find what decimal one concrete quantity ts of any 
other of the saute hind. 

When the second quantity is simple we have already shewn how 
this process may always be effected by Reduction (269}; when it is 
compound we find what fraction the first quantity is of the second 
{265) and reduce this fraction to a decimal. 


Ex. 1. Reduce 3 roods 26 p. 28$ yds. to the decimal of 3 acres 
ip. 9^yds. 


_j°i 

44084 

364 

4+45 yds- 


yd*. 

284 


rda po- 
ll . I 

jo 

481 

3 °i 

M+59J 

120 $ 

14560 yds. 


y<is. 

- 9 * 
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& » 7 ‘‘ 


4445 ^ 889 = 117 _ n? t 

14560 1911 416 8x4x13* 

8) i*7 

4 ) '5'&75 

13 j i tf&lY 

30518846153 decimal required 


Ex. : 


Find what decimal - of ^ of ^ of 5cwls. 2qrs. [4 lbs. 


7 oz. is of 42857 i of 15 tons 8cwts. 1 qr. 14 lbs 


630 

16 


308 


34}38 X l6 OZ. 


- of * of ^ of y cwts. 1 OK. 1 4 Ills 7 OZ. = 1 X ^ x ^ x 10087 o 
4 1$ 5 ‘ 1 ' 4 14 5 


and JiSirt of in Ions 8 cwts. 1 ur. 14 lbs. x 34538 x 16 oz. 

999999 **** 


= X 3453®* 160. 
- 1467 X 96 or. 


8 ) 7*o'$ 

!1 ) 90 ‘0615 

7467 ) 7*5051083 l -0030411409 
IO4IO 

55*8 

5943 

,00 93 

**533 

330 

Decimal required ='0030411409 


Exercise 42. 

1. Reduce y, ul<f.lo the dec. of /1. 19. 45 \ O' j. 3I to the dec. of 
Ol- 16. 4; O' 4 * of to the dec. of O' «• ioJ- 
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j. What decimal is r \d. of Jj. ai uf JJ. VijVirto- of tS^ 9^.? 

3, What dec. is $ of ioi., of 13J. 40!? |lf /i- ir., of £1. rftf.? 3*45 of 
rnr. to., of half a crown? j of v. W., of \ of a guinea and a half? 

4. Express y. 55^. as a decimal of a dollar of 4 r. iK 
j. Express ^5-456 as a decimal of a rupee of ir. lod. 

6. Express 'ojaf of £t. 7. 6 as a decimal of 131. 4^. 

7, Reduce id lbs. 1 1 02. 11 dwts. 7 grs. to the dec. of 9 lbs. 8 m. Av. 

& Reduce 3 hours 16 m. 37 s. to the decimal of tjdays 2oh. 23 m. 

9. Reduce 3 roods 24 p. to the decimal of 2 acres r r. 36 p. 

10. Reduce 1 cwt. 1 qrs. 3J lbs. to the dec. of r ton 4 cwts. 1 qr. 24 lbs. 

11. Add together/^, f of 3;. and l of £1. ir., and reduce the sum to 
the decimal of /i§. 

1 2. Add together /'O375, '625;., 'nd. and 31. y$d, and reduce the sum 
to the decimal of ~,s. to. 

13. Add together of 215., ^ of £1, is of $s- and j** of rr. f and re- 
duce the sum to the decimal of £y rfJ. 

14. Express | of 7 t. to. + ‘tog of ior. - \MS of V- to. as a dec. of £10. 

1 5 . Add together i 4 (> of 91- id., *25$ of £1. 3 * . md “oi of £y 7. 6, 
and reduce the result to the decimal of £y 

16. Express ^874 13. 4 * 3*75 * a (1 «- 

17. Express the difference between | of y. and £ of <m. +*/> as the 
dec. of half a guinea. 

jg. Express a florin, a sixpence, and a fourpence as a decimal of t| d. 

If ^ of r|*?. be the unit, what decimal will express a half-penny? 

19. Reduce 8*4987 rupees, each worth is. 0 \d., to the decimal of 
£y 13. 6. 

to. What decimal of a crown is the difference between 6} half-guineas 
and Zni 5 ? 

n . Reduce 13 perches 13}^. yds. to the decimal of r 15 sq. chains. 

jt, Reduce t|$ of £t. 6. jf to the decimal of /r8. 17. io|- 
33. Express • 101 of r lb. 3 ox. as a decimal of f of r qr. 11 lbs. 8 02. 

,4. Express ft of 5 ells 4 q^ « *i “• 85 * dedffial l0p0. 
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272. To reduce any sum 0/ money to the decimal of £\. 

(l) To reduce shillings 10 the decimal of we divide by 20 
(267, ii.), that is ,— We divide by 2, and move the decimal point one 
place to the left (144) ; thus, 

4 W*» Mj *=j 6 ' 55 i 


(2) To reduce pence, & c. to the decimal of f\. 

3^ = 13/, and 1-960/; 




i3_ / t3x(H-A) 


^1000 


*960“ *960* (I + A) “ 

where the number in the decimal part and in the numerator of 
the fraction is the number of farthings in jjrf. In like manner, 

5W.=^*022?^ U=£ 024& 7K = Z'03>5i. 


From t>d. upwards the fraction over is improper, but if we in* 
crease the number of farthings in the decimal part by I, the 
numerator will then be the number of farthings above 6 <i , ; thus, 


M.---/- 025 , 7 W = loy.J Tl 14* = £0 43JJ. 

Lastly, to express the fraction as a decimal we divide mentally by 
2 and then by 12 ; thus we write at sight 

= '013,5416 where we divide 65 by 12 ; 


M,=£o 2 y, 

= Z'043,75 where we divide 90 by 12 j 
and ^'0489583 1 15 by 12. 
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(3) If now the number of shillings be even, we write down their 
decimal of £l, and then write down ihjt decimal of the pence, &c. ; 
thus, 4* 135416, i8j. iofrf. -£’94375. 

But if the number of shillings be odd, the 5 in the second place of 
their decimal must be added to the first figure of the decimal of the 
pence, &c. ; thus, 

V 3U = £'3635416, 19s. io|<£ =^*99375- 

In the same way we can write at sight 

y . to K = £‘19479 16, £5. 18. n f =^5^89583 ! 

15* °K=£ 7 S 3 , 2 5 > £ 8 - 17 * ,0 i ^8-89375 ; 

and so for every other sum of money. 


273. Conversely,— To find the value of an y decimal off, i. 

For the shillings double the figure in the first place of decimals, 
and if the figure in the second place be 5 or greater add 1 ; thus, 

£6345 -12*... £78456=15* - 


Remove these figures and in the second example we have 
£03456; but 


£-03456 =£ 


34;5<> = c3£5iiiL /3+ii* (Lri*) 
1000 ^loooxf^ * 960 


*■ 34 * 5 ^ x(i-ft)/; 


or ^34-56 x(i- T y/; 


if therefore from 34-56 we subtract rta of 34 * 5 ^ we have 
result in farthings ; that is, we must multiply 34*56 by 4, setting 
down 2 places to the right, and subtract ; thus 
3436 

13824 

331776 


therefore £78456* 15* 8 i' ! 776 - 

In like manner we find the values of £3'94 8 i25 and of £'65916 ; 

thus— 
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48125 9*16 . 

j *92500] 3666 

W* 8*8 

.*. £3*94812$ = £3. '8. Hi 2. . . £’65916= 13*. 2$'8; 

and similarly for every other decimal of £1. 

274. To reduce any sum of money lo the decimal of £1, not 

going beyond 3 places. ' 

Now 3^ =.£*013^ (272, 2) where the numerator of the fraction 
is the number of farthings in the given sum ; hence up 10 }d. this 
fraction is less than i, above yi- and up to ^d. it is greater than | 
and less than i|, above 9 d. and up to I 2 </. it is greater than i§ 
and less than 2 j therefore, that the third place or decimals may be 
as nearly correct as possible, we must up to 3 d. neglect the fraction 
altogether, and the decimal will be given by the number of far- 
things ; above yf. and up to 9rtf. wc must add t ; above 9 rf. and up 
to 12 d. we must add 2: thus, 

ild.-£oot) and 6 j. ’^. -£*309, 

7 jrf .=£<>32 ... 15^ 7 K=£? 82 . 

1 1 \d. - £048 , . . 171. It hi. £'898. 

275. Conversely,— To find the value of any decimal of £1 of 
three places, to the nearest farthing. 

Remove the figures giving the shillings and suppose the remain- 
ing decimal to be £‘034. 

Now £ 034:,. 34 x (1 - A)/ = 34 /- 8t/i ( 273 ) 

hence if the number formed by the figures in the second and third 
places of the remaining decimal be not greater than 12 the fraction 
to be subtracted is less than J, and therefore this number will give 
the number of farthings ; but from 13 to 37 the fraction is greater 
than J and less than i$, therefore we must subtract 1 ; and from 
38 upwards we must subtract 2. Thus, 

£•807 * idr, 1 j<f M 

7 -»f* 


£•432 *8#* 7K 
£ 779 °*£ 7 * 
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376. In the proposed decimal coinage, a sovereign (£1) is taken 
as the unit (212), and its submultiples tjie florin, cent, and mil are 
respectively the tenth, hundredth, and thousandth part of the 
sovereign; so that in a decimal of £\ the figure in the first place 
of decimals represents florins, in the second cents and in the third 
mils. Hence to convert ordinary money into decimal money is 
simply to express ordinary money as a decimal of £1 : and to con- 
vert decintal money into ordinary money is simply to express a 
decimal of £1 in ordinary money: and these processes both 
accurate and approximate have been pointed out in the preceding 
Articles (272—275). 


Ex. 1. Reduce ^15. 7<r. 8m. to cents; ^91 8 f 6 c. to mils; 
25684 mils to pounds, 5 tc. ; and $£.6 m. to the decimal of a 

florin. 

To reduce pounds to cents we multiply by 100(1*9); to reduce pounds 
to mils we multiply by 1000 ; to reduce mils to pounds we divide by 1000 
( j jo) ; and to reduce cents to florins or the decimal of a florin we divide 
by 10 (167, ii): hence 

( 1 ) jCis- y-r. a«M.= J £i5**>7S =t »507*8f- U<4) 

= i 50 ;r. 8 m. 

(*) £9. */.&■• £9* =9&6om. 

(3) J}684M.= J £*5 , 6$4 I 1 4+) 

= 2 * 5 . 6 f 4 «. 

(4) jr. (>m. =>$•&. ='$6/ 


Ex. 2. Find the sum of £1 
£25. 46 c. and ^ 37 - 7 / ^ 9 m - 

£- 

£11. 3/5W. s =>»’ 3°5 
£13. 6 m . =13 006 

^18. 9/ 

£*S- 

£n- if- 8c- y*' 


3/ £18. 9 f, 


»ia’9 
= 15 ' 4 <> 

= 3778 ? 
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4 j- ~ 7 ~~ 

Ex. 3. Subtract £123. ff. 8 (. from £987. and divide 


the difference by 5-643. 


I 


/087. 6r. 5m. = 987-065 

7 / 8c- = nn8 

5643)863 185 { 151-9833 
39898 

*8835 

5549 ° 

4703 


Quotient required = s= jf 1 5 3 ' 9/ 8c. 3‘3 > - ,B 


Ex. 4. Express £l 15. 7 i and £4. 18. 10} accurately in the 
proposed decimal coinage ; that is in £,/. c. m. 

At sight £y 1 j. yj=»/3‘78i 15 (17*) 

~£y 7 f 8c. « »'"• {’ 76 ) 

At sight .£4. 18. ro|=/ 4 ’ 9 + 479 ^ 

—£+' 9 / 4C. 479‘6*- 

Ex. 5. Express £2. 7/ $c. 9 m. and £\. 9/ 3 c. 6-4583 «. accu- 
rately in ordinary money : that is, in J. 

£u 7/ 8c. 9*. *=^1-789 

“fa 15 - 9 i‘ 44 - 

£i.$f. Jc.6-45Bi«. = ^1-9364583 
-Zl. *8. 83 , 


39 . (*73) 

37'4+ . 

tf'tsSs 

3J* 


Ex. 6. Express £6. 8. 2j and £7. 13. 10? to the neaust mititL 
£./. c. m. 

At sight £6. 8. ?}= ^6-409 {174) 

~£6 . 4 f «. 9 im. (176) 

At right ^7. 1 3. to| = /T7 695 = ^7. 6/ 9c. }«. 

Ex 7. Express^. 4/ 5c. 6m., /8. 8/ 2C, 8 m. t £9. 9/ 9c. 6m, 
to the Wdflu/ farthing in £. j. d. 

Now £2. 4/ y. Cf». ^£y^6r,£^ .9.1! (174) 

£&. if. v. 8 «. *£&•**=£* . 16 . 6! 

£9. 9/ gc. 6m. *>£9996* £9. 19 • ti 
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Ex. 43- 

Exercise 43. 

I. Redact £45. if 7c. to mils; and 876545 mils to £.f. e. m. 

4 . Reduce 15 m. to mils; and 5809 mils to florins. 

3. Reduce £ 8 , 4 f. 3$* to mils; and 1 6\f to mils. 

4. Find the sum of £317. 9/ 4c. 5*., £89. 4 f. 7 c. 8 m., £1. 6/. 5m., 
£479. 8c. 8 m., and £ 6 $. 75c. 

5. Add together £78. 75c., £14, 3 if, £$. 5/ 8 5 t c., £35. 4*7 m., 
and 56384m. 

6. Find the difference between £iy. 9/. 9m. and ^54. t f. y. 4 m. 

7. Subtract £51$. 7/ 6c. 3m. from £1000. 

8. Subtract 5/ 3^. from £1. 43 Jc. 

9. Multiply ^34. if 8c. gm. by 89; £5. 47m. by 5608. 

10. Multiply 8 if by 1000; and /370. 5 m. by 4376. 

II. Divide £6851. if. 8c. J«. by 8;6o. 

1 s . Divide £ 130- 91 Jm. among 77 persons : find each one’s share. 

13. How often is £$. 6/ ;c. 8 m. contained in £4479, 9 f 4 |c,? 

14. Reduce 7/. 3JC. to the decimal of £1 and of £50. 

1 j. Find the value of - of * of - of 5-4 of £67. 4/. 4c. 6«. 

+ *1 5 

Express each of the following sums accurately in the decimal coinage; 
that is, in £,/. c. m. 

16. 4*. 31/.; y. 6 k/.] £3.13- 9« 4 ^*i £*‘ ' 5 - ,0 i- 

14. y. ofrf.; ty. Stf.; £8. t8. itj; 3^.; £ 7 . 19. 6^. 

18. 6j. 4/.; 4 i. j£i- 9. 4!; 5 i^>! £** 8. 5. 

19. iy. o{J.\ 17J. i\d.\ £l> 0. oi; iod.\ £i. n. nj. 

10. 151.8-/ ; iw. n|</.; £1. 0. 9J} io|rf.; £5. 17. ni 

Express each of the following sums accurately in ordinary money; that 

is, in £, 1. d, 

4 i. £$.6f.v.$m.} 4 / 8 c. 7 K; £*> if- ¥• 9'375«- 

41 . ^ 3 - 6 ar 875 ; 9/ 9c. 6£m,; 8/. £C. jF.w.; 7 /. 8c. rfw. 

13. ^-1135416; jfrSnjrS; jCi. ify-Qm.-, jfi* V !*• *>»■ 

44. ^917739583; ^5*94479^; 9/ 6 - 34 w - > £*' 4/ 7 ’ 9 S ffl - 
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Express each of the following sums in £./. c. m. to the tuarat mil:— 
*5. i*j. &/.j tjx. 41/.; n, pi; 18. fij. 

t6. *,¥■', iff- 3 ^-; £i- ,s - «* i 3^5 ^ 7 - 9- +!• 

*7- 15J. oji/,; tJJ. 9K; £1- '3. 8; 9^. ; £&. 19. nj. 

Express each of the following sums in £. s. d. to the nearest farthing : — - 
18. 4/if. p/w.; £$. 6/ 5r. tra.; 8 f.y.im.-, ^5678, 

*9* £'■ 3/ ¥• h™ \ U •»/*•■•; 8 /.*■• j*.; £1073. ' 

30- ^45-7 7/ 8r. 9*.; £15-69; £87. 9/ 7 «. 


277. SOME APPLICATIONS OF THE PRECEDING RULES. 

Ex. 1. Find the value of 427*4687502. of gold at £3. 14. 6} 
per 01 

"Write down at sight £3, 14. 6j as £3*7*8115 (171, 3}, and multiply, 
retaining 4 places of decimals, thus 

417*46875 
fill 8173 
1281 4063 
299 2281 
8 5494 
34197 
*37 
85 

*r 

j£* 593^8 593. IJ. !$. 

Ex. 2. Find the value of 427JI oz. of gold at £3. 7/ 2 c. 8J m. 
peroz. 

417IJ0Z.- 417*16875 o*., 

£l- If- v. 9\m.=£yptny, 
hence, by the last example, 

Value required =£1593-6568 =£1593, 6/. je, 7*. 

Ex, 3. Find the cost of 8710ns Jjcwts, ;jqrs, 24 Ibs> 13J oz. 
at £17. 4- io^ per ton. 
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Ex. $. A tradesman’s liabilities amount to .£4375. 16. 9J, and 
his assets realise £1957. 13. 4J : how much will his estate pay in 
th* pound, and how much will a creditor receive^ for a debt of 
£359- >5 3i? 


43 , 7 , 5 , 8 , 3 . 8 ^ 4 ) 195766875 ( ’4473814 359 ‘ 7 <> 5 6l 5 

20733333 4 t8 3744 

322998 [439061 

1 6690 143906 

3563 13183 

63 1079 

ro 187 


£160-9511 

the estate pays U 11^. in the pound, and the creditor receives 

£160, 19. oi, * 
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Exercise 4+ 

i. Find the value of 4785 articles at lir. each. 

* 876^4 £t. 17. 8J each. 

3 3089 11 U‘ * 9 - ik «ch. 

4 594 '/^ £i- II. lli each. 

3 - • 33^9375 bushels at 53Z. iod. a quarter. 

6 3479 things at 8 j. jj</, a doren. 

7 7857 £t- 9* ij a score. 

8 16933 oranges at 41. 7^. a hundred. 

9. Find the dividend on £*,6$. 19. 3 at 10;. 1 1 Jrf. in the £1. 
/' 375 - *• 8$ a* jr. ?}«/. 

Find the value of 

11. 681 bs. loot 13 dts. at ijj. 4^/. a lb. 

11. 3 tons 17 cwls. aqn. ai J lbs. at £&. 9. 6i a cwt. 

13. 75 tons i6cwts. 3qrs. 13 lbs. at ^ij. 17. 3$ a ton. 

14. 14 lbs. 1002. i3dwts. iSgrs. of gold at £$. 17. 9 per 01. 

*5- 89 gallons 3 qts. if pts, at 19/. a gallon. 

16. 11 yds, 1 ft. 6$ in at 1 y. 10 \J- a yard. 

17. 46 acres 3 r. 33 p. at £1. 13. 6 an acre. 

18. A bankrupt owes /1578. j8. 6; what must his assets realize to 
enable him to pay i$r. 4^/. in ihe £\ ? 

19. If a tradesman fail for ^3579. 8. 8, and his assets realize 
^1915. 13. 6$, how much can he pay in the^r? 

so- Find the average speed of a train which travels no miles 57 chains 
io yards in 3 hours 35 m. 18 s. , 

Si. If a cubir^yard of earth weigh 1 ton t3cwts. 3 qrs., find the weight 
of 345 cu. yards 19ft, 875 in. 

si. If a tradesman fail for £1789. a. 5, and his assets amount to 
^3007. 8. ?, how much will a creditor on the estate for £197, 15. 9 

receive? 

A plot of building land containing 33 perches 37 yds. 8 ft. 88 in. 
b sold for ^4589. 13, 8; find the price per sq. yard. 

74, The annual value of a parish is /138614: a rate is to be laid 
which ihall produce /19875. 1 y.; at how much in the £i to the nearest 
farthing mast the rate be laid? How much will be paid on a house riued 
at if. 6? 
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15. A bankrupt owes A £$1$. n. 6, B /407, and C £tg 3. 6. 8 ; 
his estate is worth £gu. 19. 4$: how much can he pay in the £ t , and 
what will A, B, and C receive? 

16. If 1 tons 4 cwts. 1 qr. 3J lbs. cost /330. 14. 6|, what will be the 
price of 1 cwl.? 

^ 17. If a bar of gold weighing 7 11*. 5 or. ndwls. iggrs. be worth 
£i$o. J 5‘ 5 it what is the price per oz.? 

18. A, J 3 , and C advance respectively £igi. u. Jj, £61. 14. 8, and 
£111. j. 9J in a mining adventure which yields ,£511. 11. 6£. How much 
will this give for every £\ advanced, and how much of it will each of them 
receive? 


MISCELLANEOUS. 


49. Find as a decimal the average of it|, 73#, 0, 3*065, 81, 17^, 
jj, and 9 t*i- 


30. In how many years will the error amount to a day in considering 
the year to consist of 365 i days instead of 36yHiai8days? 

31. The gallon contains 277*274 cu. inches, and a gallon of water 
weighs to lbs., find the weight of a cu. foot of water. If mercury be 
13-568 times heavier than water, find in ounces the weight of a cu. inch of 


mercury. 

jj. How many parcels of gold dust each weighing 17*36 grains can be 
made up out of 1 lb. 1 or. 1 dwt. 3^-5 and how much will remain over? 


33. The average year of the Gregorian calendar is greater than the 
trUb year by 14*3648 seconds. Find, as a decimal of a day, the length of 
the true year. The Grigorian calendar intercalate 97 days in 400 years. 

34 , The circumference of every circle is 3'>4'59 t imes ils dUmeter * 
The diameter of a carriage wheel is 4 ft. 81 in.; find its circumference and 
how many revolutions the wheel will make in going 1 miles jU 1$ po. 


33, From a rod 1*076 inches long, portions are cut off each equal to 
•0037 of an inch long; find bow many such portions can be cut off, and 

what length will remain over. 


The weiEh. of . cubic fool of len-wtef ie . qm. »H»- *»“- 
> rnk floating therein displaces <» feet 9371™- ''" chts ° f «*« 5 "f 
‘benight tffbe cub, «, .Uch ie the — «Nf. <* *■ «*» *** 



236 


METRIC SYSTEM. 


THE METRIC SYSTEM. 

278, The explanation ol the Metric System given in Arts. 
216—222 should be carefully read before commencing the fol- 
lowing examples. 

Ex. r. Express 314.15” ’93 in succeeding denominations from 
the highest to the lowest. 

Since 10 units of one denomination make i unit of the next higher 
denomination, and the units' figure represents grammes, the tens’ figure 

will represent dekagnmmes, the hundreds' figure hectogrammes, ; 

hence 

3 1 4 1 5 f "9 1 = 3 myriag 1 kilog, ,|hectog. idekag. 5 gr. gdecig. scentig. 
or = 31 kilog. 415 gr. 91 centigr. 

ox kilog. 415-91 gr. 

Ex. 2. Express 9 hectares 25 ares 8 centiarcs as a decimal of 
a sq. kilometre. 

A hectare is a sq. hectumetre, and 100 sq. hectometres make 1 sq. 
kilometre (:t8j : hence 

9 hectares ij ares Scentiires^g^joSsq. hectom. (118) 

= •09 1508 sq. kilom. 

Ex. 3. How many hectares are there in a field which contains 
13 acres 3r. 17 p.? 

40)17 
4 } 3-4J5 

*’47114) 13^56*5 (5 <>0713 

150055 

1787 

57 

8 

I 

hence we see that r3 acres 3 r. 17 p. = 13-856:5 acres, 
and from the Table 1 hectare =1*47 114 acres; 

/. no, of hectares 5-607:1. 

5 '47H4 * 1 
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Ex. 4. If a gallon of water weigh io lbs., find its volume in 
cu. centimetres. 

t\i > io-ooooo ( 4*53593 
11815* 

79 ? 1 

J }<>7 
«>5 
7 
0 


From the Tabic (116) 1 kilog. = 7*1046? lbs. 
1 0 lbs. = +• 53593 


=4535*93 grammes, 

=4535*93 cu * centimetres of water, («ir) 

that is, a gallon contains 4535-93 cu. centimetres. 


Ex. 5. When silk is sold at 19/ 25 c. the metre, find the cor- 
responding price per yard in shillings and pence: supposing £1 
to be equal to 2$/ 20 c. 


yj 45*20 *5?o 7a 

and 1 metre =$37* inches =- 3 ~jp y ard J 


.19 37 J j j s so j^ f or 

36 ; 7 i 



39’37< 


39- j, 7,i ) *7-5000 { 
3 8 ?r+ 
3340 
190 
33 

j 


48*48 

4 *‘ 5 S 


price per yard is 131. 
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Exercise 45. 

Express | 

1. A length of 345678-09 in kilometres, and succeeding denominations. 

I. A capacity of 107856*“ ‘508 in kilolitres, ..... 

3. A surface of in sq. kilometres 

4. A volume of 357** *08167 ' n cu- metres, 

5. A length uf 345 kilometres 7 hectometres 6 metres 8 decimetres and 
9 millimetres in metres and kilometres. 

6. A weight of 3567 kilogrammes 8 hectogrammes 9 grammes and j 
decigrammes in tonneaux de mer, and in decigrammes. 

7. An area of 708 hectares 9 aies and 5 centiares in hectares, and in 
centiares; also in sq. kilometres. 

8. A volume of 45701. metres :+ cu. decimetres and 60 cu. ceniimelres 
in cu. metres. 

9. A weight of 67 tonneaux de mer 8 quintaux 5 kilogrammes and 
8 grammes in cu. metres, &c. of water. 

to. Find the sum of 9 hectares 35 arcs 8 centiares, 15 hectares 8 ares 
and 63 centiares, 13 hectares 85 centiares, and 17 hectares 80 ares 90 cen- 
tiares. 

II. From 4 dekagrammes 83 decigrammes subtract 59 grammes 687 
milligrammes. 

11. Find as a decimal of a kilogramme the value of 
•5678 millier + 9*3157 kilog. - 349'8 i gr. 

13. Find the value of 3H of 87 cu. metres 6j cu. decimetres and 300 
ctu centimetres. 

14. What will be the price of 47 hectares 5 ares 65 centiares of land 
at 89 francs 76 centimes the arc? 

15. If 7* *89 weigh 107 kilog. i88 iigr., find the weight of J Hire. 

16. If 8 metre* 8 decimetres of cloth cost 153 francs 88 centimes, find 
the cost of j 7 metres 64 centimetres. 

17. The weight of a volume of mercury is 13*598 lime* that of an equal 
volume of water: find the weight of 567 *859 cu. centimetres of mercury. 
(»+*) 

In the following examples we shall use these relations: 

1 train = 1 '09363 ydi. - 39-37079 in. 

1 sq. Mttrtmv 19603 tq>ydi.\ j cir. mttrtmj • 30801 at. yds. 

* ktrtan tr sq. Aeria|w*« 147 1 14 aertt. 
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1 Rtn - 176077 pints = • «o 1 0 gallons, 

1 kilogram nx = r lotfi llrr. Av.~ 15431' 54.87 grains. 
1 gramme- 1 cu. etntimtire of distilhd water. 


18. Express a yard in terras of the metre, and an inch in terms of the 
centimetre. 

19. Find the length of a tunnel 2 miles 63 chains 18 yards long in kilo- 
metres and metres. 

jo. Snuwdon is 357 1 feet above the level of the sea: express this height 
in metres, &c. 

fli. The length nf the seconds pendulum in Ihe latitude of London is 
39' 1 393 i nc h« : reduce this length to Ihe decimal of a metre 

j j. The mein diameter of the earth is 79H'409 miles t express this 
length in kilometres, 

13. Find in miles, chains and yards the length of a railway 96 Idiom. 


^315 metres long. 

14. Mont Cenis tunnel is 1 1*34 metres long : express its length in miles, 
chains and yards. 

45. Mont Wane is 4810 88 metres high : express this height in feet. 

46. The standard height of the barometer at Paris is ?6 centimetres: 
find this height in inches. 

47. The metre is the ten-millionth part of the distance from the pole to 
the equator, measured on the surface of the ocean : And the earth’s circum- 
ference in miles. 

j 8. Express an acre in terms of the are ; and a sr,. mile in kilometres. 
49. The area of England is 50387 «q- fin<1 the " ea En ■* WAom ' 
ao. Find in hectares, &c. the area of an estate which measures 
387 acres 3 t. 14 P- 

The area of France is 530*7894 Stares: express this area m sq. 

miles. . _ ^ 

jj. How many acres, ftc. are there in a field containing 7 hectares 

15 ares8centiarcs? 

1„ making . railway culling > 5 J* «• l>* •* «■ f “‘ ° l atth 
have been removed s find this quantity in cu. metres, &e. 

3* The volume of a room is 8,0 cu, metres M «c». decimetres , express 
this volume in cu. yards, feet and inches. 

3J. Ho. many pUuns, «*- « «*» in a cask containing ,9 relies- 

a velte being equal to rujos litre.? 
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36. How many hectolitres are there ill 57 gallons 3$ pints? 

37. Express the lb. Troy ip grammes; the lb. Av. as a decimal of a 
kilogramme ; and the cwt. as a decimal of a millier. 

38. A sea-service mortar weighs 410ns i^cwts. iqrs. 19 lbs.: find (Is 
weight in tonneau* and kilogrammes. 

39. By how many kilogrammes is a French gun weighing 163 myria- 
grammes heavier than ari English gun weighing 49 cwts. 3 qrs, 14 lbs.? 

40. ’When cloth is sold at 10. 9 Jr/, a yard, what is the corresponding 
price in francs and centimes per metre, if £\ be worth 15 fr. 15 c.? 

41. When wheat is sold at 31 francs 50 centimes the hectolitre, what is 
the corresponding price in English money per bushel, if 15 fr. 10 c. 
equal £t"t 

4a. When 315 sq. yards of building land is sold for /3830, find the 
corresponding price in francs j*r sq. metre, when £1 is equal 15 fr. 30 c. * 

43. The rent of a farm of 45 hectares 75 centiares is 3695 francs : find 
the rent per acre in £, s. d i, when 25 fr. is worth £\. 

44. The pressure of the atmosphere is 14^ lbs. to the sq. inch: find the 
pressure in kilogrammes to the sq. centimetre. 

45. A shot projected with a charge of *693 kilug. of powder had a 
range of 734 metres; express these quantities in grams and yards. 

46. A to-inch gun threw a solid shot of 134 Ihs. 5J01. a distance of 
4875 yards; express the bore, weight and range in centimetres, kilo- 
grammes and metres respectively. 

47. In the year 1870, 14943 kilolitres 615 litres of brandy were im- 
ported into the United Kingdom, and paid a duty of ioj. $</. a gallon: 
find the amount of duty paid. 

48. A litre of alcohol, i.t, a cu. decimetre, weighs '79a kilog. : find the 
weight of a cu, foot in lbs. 

49. When the French Post-officcallow* 10 grammes, the English allows 
4 or.; by how many grains is the biter weight within the former? 

30. A cask of brandy containing 4-731 hectolitres is bought for 1835 fr. 
and duty is paid thereon at the rate of tor. $d. a gallon; find the price per 
bottle in shillings and pence, reckoning 6 bottles to the gallon, end 
15 fr. 10 c. to the £t. 
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PRACTICE. 

279. Practice is the method of finding by means of Aliquot parts 
the value, weight, ... of any quantity, when the value, weight, ... of 
one unit of it is given. It is therefore another method of solving 
questions in Compound Multiplication. (247.) 

280. To take aliquot-parts is to break up the value, weight, 
&c. of one unit into parts, which arc either aliquot-parts {195) 
of a principal unit of it, or of each other. Thus if I2.r. 9 d. be 
the price of one unit, it can be broken up into the aliquot-parts 
tor., :r. M., and yd . : for iar. is $ of £\, 2 s. 6 d. is j of tor., and 
yi. is of 2J. 6 4 . 

The facility with which questions in Practice can be performed 
depends in a great measure on the way in which the aliquot-parts 
arc taken, for usually they can be taken in several ways. No rule 
can be given ; the Student must rely on his own ingenuity and 
judgment. 

2wi. The theory’ of Practice depends on the following prin- 
ciples— 

(1) If the price of an ariidt be broken up into any number of 
parts, the value of any number of articles at the given price is the 
sum of their values at the various part-prices, {62.) 

Thus £y i2r. (xi, is the sum of £y lor., and 2s. 6//. ; if now we 
give £1 for each of a given number of articles, and then tor., and 
then is, (xi., we shall give £y 1 2r. 6 d for each of them. 

(2) if the price of an article be the difference of two other prices, 
the value of any number of articles at the given price is the differ- 
ence of their values at the two other prices. 
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2 + 2 ,. 


Thus £y 12 if, Sd. is the difference between ^4 and 7-f- 6^.; if now 
we give /4 for each of a given number of articles and receive back 
7 j. 6 d. for each, we shall give ^3. I 2 r. 6 eL for each of them. 

(j) If one price be an aliquot-part of another price , the value of' 
a given number of things at the fret price is this aliquot-part of 
their value at the second price . 

Thus 5*. is ^ of £1 ; the value of any number of things at 5 j. is 
i of their value at £l. 

What has been said of value in this Art. applies to -weight, length , 
area , &c. 


281. Practice is Simple or Compound, according as the quantity 
whose value, weight, See. is to be found is simple or compound. 


283. SIMPLE PRACTICE, 

Find the value of 345 02. of gold at £y 17 s. ic^d. per 02. 

tC- 

us 

3 £ t- d. 

\ 1035 = value of 345 or. at 3 . 0 . 0 pet or. 


hoi£t | 

171 

10. 0 - . . . 

.... to . 0 . 

i of tor. 

86 

; . 0 = . , . 

.... 5.0. 

iofy- | 

I*, of as. 6a’. 

43 

4 

1.6a. . . 
6.3-, . . 

...» 2.6. 
... 3 . 

I i of id. i 

a 

_3 * ■ ■ 

... i) . 


«343 

6 . io|= . . . 

. - . 3 . rf. roi . 




The value of 345 or. at £1 per oz. is .£345, and therefore at £3 pefoz. 

it » /345 x 3< ot Since ior. is J of £i, the value of 34301. at 

1«. is half that of 34301. alj£t (j8i, 3), and is therefore - of /}43, or is 

.1 J .1 

^171. tor. In like manner, since 30 is - of ioj., the value it y. is - of 
,£172, ion, or is ^86. 31. : and since as. 6 d. is 1 of y., the value at at, 6 d, 
it i of j£86. y., or is ^43. j. 6; and since id, is ^ of as, 6 d,, the value 
at id- I* — of £43. a. 6, or U £4. 6 . 3; and lastly, since i$< i. is i 
of id-t the value at ij is - of £y 6. 3, or is £a. 3. 1 J. 


TW'irtm of all these results is ^1343. 6. toj; which is therefore the 
nloc of j4j <n* at £i, 17. k>| perot. U8», t). 
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Or we may. proceed thus . 

ii. 1 $, V}s; tojrf. is the differenct between and 2s. 1 \d . : the 
difference therefore between the values of 345 oz. at per oz., and 
( ,at 2 s. per oz., will give the value at £y, 17 r. lo^r/. per oz. 

* (282, 2). 

£' £- 

,345 345 

if. ; h af£t j 34 . 10 . o _4 

i A of*zr. ' 13^(0 = value at £4 per oz. 

j j a . 3 . 36 ■ 13 . i| = , . zf. ... 

i6 . 13 . ij 1343 . 6 . j«4= . ./3.1J.10J... 

To divide by 16 we hove divided in succession by 4 and 4, striking nut, 
of course, the first quotient. 

iff. Precisely the same result may be obtained by introducing a 
subsidiary aliquot- part, front which we can find a required aliquot- 
part : thus, taking the preceding example, we have 
£■ 

.345 

Zf. [ f\ of j£i | 34 ■ 10 
■ 6 dr\ | of Zf. H ; 6 

i J./. | J of 6rf. I 1 . 3 . ij 
■36 .- 13 . 14 

iv. Ex. 2. What is the cost of 456! cwts. at i6r. 8 | 4 . per cwt.? 
Since jCt is nr. 6 </., the cost of 4565 cwls. at £1 is £456. 12. 6 , we 
can therefore proceed as before, thus;— 


u. 6d. J- of tor. 

z jd 1 . ^ of zj. 6u 

\d, of zj(/. 


2 ’S . 6 . 

i 

9 » • • 

6 ‘ 

i 57 • 1 • 

6 ? 

|< 4 ■ »5 • 

•H 

1 ,S_L 

«n 

3S1 . 18 . 



Ex. 3. What mu& be given for 28644 sacks at tys, 1 o|c/- the 


Since would introduce a' fraction of a farthing, it will be better to 
7 

find separately the cost of 2664 sacks and of j of a sack, and then add. 

16—2 
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8183. 



/■ '■ 

d. 

r. d. 


1864 


9 • '*i 

i «r/t 

i 7 't 


i 

i Of /. 

■ JJI . 16 


7)49. 8J 

* of 5 t> 

119 . 6 , 

8 

4 ■ *if 

iV of 5 * 

ft-r-H-. 

, — » 


\ of u 

8 . 1 9 

0 



1417 . 1 

, 8 



4 j 




£■ 4 '? - 5 • 

«>l 1 



It would br still better to find the value of 1864 sacks at i or. and at 
1^., and then subtract (381, a): thus, 

/. /- 

3864 1864 

id. -fo of ir. | 138 . 8 tor. is | of /1 | 1431 

{J. i of 1 it, I so . 8 14.18.4 

a o 1 198 • 4 ~£n i 1 • 1 - 8 

14 . 18 . 4 


vi. Ex. 4. What is the cost of 327 articles at 5;. 3j$rf. each? 


S'- 

id. 

'if- 

If 


i of/, i 

/- 

J >7 

81 . 15 . 0 


i of/« 

i\o(y. 

4 - 1-9 

id. 

A of $'• 

t*! of 3 d 

0 ■ 8 . 4 }] 

\d.\ 

i‘j Of 3 d. 

i of 1 fd. { 

0 . 1 . 8J1 

If- 

1 f of 1/ 


86 . 7 • 7 ll 


* 3 


lJJ* 

/86. 7.7 n 


Ex. 5. Find the area of 143 allotments, each containing 2 ac. 31-. 

IS p. ; or Multiply 2 ac. 3 r. j8p. by 145. 




4 r. 

i of 1 ac. 

'45 

4 

190 

74 . 4 

1 r. 

| of ;r. 

36 . 1 

top. 

| of 1 r. 

9 . 0 . 10 

4 P- I 

A of”- 

3 . 4 • JO 

4 P- I 


3 . 4 . 40 


ac. 415.0. to 


The manner in which the aliquot-part has been taken for the la* 
Bp. deserv'd attention. 
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Ex. 6, A tradesman fails and pays 1U. pji/. in the £t ; how 
much will a creditor receive on an account of £545. 17* 6 d.l 

If the tradesman paid in full, or £1 in the £t, the creditor would 
receive ^545' 171. 6 J. t hence if he paid ior. in the £i t the creditor would 
receive J of £545. t p. & Ci 


u t 

id. 


L. *. 

J. 


545 - 17 

. 6 


*7* . 18 

•9 

I Of. 

34 ■ * 

■ 444 

it, 

8 . 10 

• Jri 

y. 

6 . 1 6 

• j44 

3^- 

3** « 8 

• ill 

Id. 


L 

545*875 
* 7**9375 
* 7 ‘*937 
136463 
d‘8134 
*7058 


311-4071^^311. 8. i$. 


Ex. 7. What does a tax of 7 d. in the £ 1 amount to on an income 
0^1285. 15. 10? 


C 

1185 . 


1 A I - 

6d.\ \\ 
id.! 4 i 


£u - 1 


r0 3 

If4 

Oil 


(*83, 3) 


284. COMPOUND PRACTICE. 


Ex. I. Find the value of a bar of gold weighing jibs, looz, 
12 dwts. 6|grs. at £3. 17 s. lid. per oz. 


5 lbs. io.ot. = 7oot. 


10 dwts. 
1 dwts. 
6 grs. 

Jp. 


i of r 0 1 . 
i of todwts. 
i of 1 dwts. 
4 of 6 grs. 


L 1. 

d 

3 • '7 • 

10 

38 . 19 . * 

7 

* 7 * • ‘4 

1 

1 . 18 

tig 

0 , 7 

9 i 

0 . 0 

"44 

0 . 0 

iH 


Z‘*75 • * • ofK 


Ex. a, What is the cost of 17 tons 12 cwts. 3 qrs, iSlbs. of goods 
at £6. tp. 9rf. per cwt. ? 
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17 tons u cwts. = 3ji cwls. : and here we shall first find the cost of 
351 ewes, by vSimple Tract ice, and not by Compound Multiplication as in 
the last Example. 


ty- 

yi. 


I of /,<> 

ft of 15/. 


i. L. 1 . d 


35* 



6 . 

ij 

• 9 

6 





357 

I iij* 



*3»9 

4 

. 0 

164 

igrs. 
i If. 

| of [ cwt. 

3 

7 

. i<4 

1 *3 • 4 

4 of 1 qis. 

| 1 

'3 

• n* 

7389 i 

\ H l *K. ! 

1 °f 1 <r- 

0 

1 $ 

. i4 


4 lbs. 

f of i qr. 

0 

4 

• lojf. 


/i395 • 7 • 74ft 


In the two last Examples it would have been easier to have 
expressed the price as a decimal of ^t, and then to have proceeded 
as before ; thus 


10 dwls. 4 of 1 or. 

j C 

S'W 

*777083 

1*9479 

7 qrs. 

67875 

35* 

135750 

339 375 
1036 J5 

\ of 1 cwt. j 3 3937 

| of 7 qrs. ; 1 -6968 

7 rlwls, | of !0 dwts. 

, *3»95 

l qr. ! 

6 grs. i of 1 dwts. 

! “o 4 «7 

14 lbs. 

j of r qr. j '8484 

2 gr. i 4 of 6 gn. 

1 *0061 

4 lbs. 1 

i of 1 qr. i *1474 


*75-1005 


*395'3«i3 

= 

£*’b- »• 0 


=/I*395- 7- 7i 


Ex. 3. If lib. standard is 1 lb. 202, n dwts. iSgrs. Troy, 
wbat is the weight Troy, of 1 cwt. 2 qrs. 15 lbs. 1001 6drs.? 


1 cwt. 1 qrs. 15 lt)3. “ 193 lbs. st. 
tb. Tr. a 


801. 
a or. 
4 drs. 
» drv 


t of t tb. ft 
| of 8 cl 
1 of 1 or. 

{ of 4 dr*. 


■ • 7 . 11 . 16 weight of 1 lb. sU 

17 


14 . 7 . 0 . 0 . . . 

It lbs. 

8 


116 .8.0.0 

961b. 

ji 6 • 8 . er . 0 

96 lbs. 

1 .7 . 11 . 16 . , 

1 lb. 

.7 . .5 . 10 . . 

9 oz. 

1 » 16 . 11 , . 

1 ox. 

♦ **al • * 


** ■ 

1 drs. 

*35 • 4 ■ c . 19ft . . 

i^lbi. 10 ox. 6 dr*. ' 
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Ex. 46. 


Exercise 46. 

Find the value of 

I. 5087 articles at 3*. 4*/., at 3* 9a'. and at jr. 10J d. each. 

4. 389} things at 7/. 4^., at 41. 1 d. and at jj. y\d, each. 

3. 15983 lbs. at &/., at 8^</. and at <)$J, a lb. 

4. 365 days at 3?./., at 5;. id. and at £1. 4. 4} a day. 
j. 31 tjjhings at £4. 7. 7 and at £5. 18. 5 each. 

6. 1493 things at lit. ltd., at :6/. 4 d. and at £10. 9. 9 each, 

7. 1750 things at ft. 5$</. each; 653 things at y. 9 Jrf each. 

8. 861 things at tit. jJ*/. each; 176 things at 141. 10J1/. each. 

9. 567384 lbs. of cotton at 'id. and at a 1b. 

10. 1157 things at£t. 7. 4$ each; 14765 things at £ 1 . 17. 8J each. 

II. 313 things at £4. 6. 9? each; 4311 things at £4. 17. j}| each. 

14. 3655 things at £i. 19. *5f and at £q. 16. 10J each. 

13. 4678 things at 1 it. o Id. and i\£“l. II. i? each. 

14. 65437 things at 9#. m t \d. and at £<). 18. io£ each, 

1 j. 497 things at £ 1 . 16. 8 , al£ 3 . 17. 6 and at £y B. 4 each (183, 1). 

16. 969 things at toK* at 1 < P - 1 1 antl al £*• ‘9’ &i eacll ‘ 

17. 3546 things at £1. 6 . jJ, at £3. 18. toj and at £*,. 15. 7? each. 

1$ 456^ things at £\. 15. 9s each ; 356J tons at £1. 13. 5} a ton. 

19. 7394 f things at £it. 8. 8$ each; 3764I things at £1. 14. 7i each. 
30. 161 1 yards at £1. 17. 7 1 for » doten yards. 

H. 34897 thingsat i$t. lid. for jo; 65493 things at £4. ». 6 J for too. 
n. r7 8| bushels at 6 t. ’,\d. each ; 811* things at 135. io?rf. each. 

•3. ,94* things at £%. ». each; 716}* acres 1^44- »• « ««* 

,4. 169*375 qrs. at £1. 17. ioi a V - : 8764^ things at ^10. 7. 7i each. 
13. 163 lbs. at 3J</. 1 lb. ; 395 yards at 1 ir. 5^- a 5 rard - 

16. 3 cwts. 2 qn. 10 lbs, of tea at If. 4^- a lb. 

17. 1794 dwts. of fine gold at ,£4. 4. 1 1 A 111 oz * 

18. 97 qrs. 5 bush, of wheat at 6 f. 10K bushel. 

19. 1 7 ban of gold, each weighing t8 lbs. 8| or.., at £y i7 I0 i 311 ot 

30. Find the dividend on j &734 8 at ¥- 4# lD the 

^15961. ior. at 71 11K- 
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33, What will a rate of :i. 5J./ in the pound produce in a parish whose 
rental is estimated at £360817. 15/.? 

33. Find the weight of 1^)7 packages, each weighing 19 lbs. 10 oz. 
18 dwts. 11 grs. ; and of 117 feet of iron when the weight of one foot is 
9 lbs. 01. 

34. Find the produce of 137 acres at 3 qrs. 5 bush. i t T j pk. per acre. 

33. Find the lead in 453 cwts. of ore it j qrs. jj t \ lb. per cwt. 

What is the cost of 

36. 13 tons 4 cwts. 3 qrs. 1i lbs. at £11. 17. 6 a ton? 

37. 1316 cwts. 1 qrs. rs lbs. at £». 15. 8} a cwt.? 

38. 6 tons 7 cwts. a qrs. if lbs. at £3. to. 7 1 cwt.? 

39. 1 ions 7 cwts. 11 lbs. 5 02. at £1 6 a ton? 

40. 13 11*5. i; ilwts. of silver at $r. 9*?. an or.? 

41. 9 yds. 3 ft. to in. at sr. 7J1/ a yd.? 34 yds. in, at 5 s. 6 d. a ft.? 

43. 191 acres j r. 37 p. at £43. 3. 4 an acre? 

43. 6231 cwts. 2 qrs. it lbs. IJ 02. at £3. 14. 8 a cwt.? 

44. 37 cwts. j qr*. 34 lbs. at £4. 17. 3l per cwt.? 

45* 35 perches 2? yards at ,£65340 F r acre ’ 

46. ij qrs. 3 bash. 3 pk. at £1. 3. 8 a quarter? 

47. 1 1 miles 3 fur. *5 yards at £31500 a mile? 

48. 19 lbs. 9 oi. 17 dwts. 6 gTs. of gold plate at £j. r yr. per or? 

49. Find the rent of nj acres 1 r. 19 p. at rjr. i\d. a rood, 

50. Find the value of 13 sq. yds. 5 ft. 70 in. at (3/. ft/ a sq. yard. 

51. Find the value of 7 gall, t qt. 1} pt. at 17/. +d. a gallon. 

51. If a pound of silver cost £3. 6;., what is the price of a cup which 
weighs 10 lbs. 6 oz. 10 dwts., subject to a duty of ir. ft/ per ounce, and 
also to a charge of is. qj. per ounce for workmanship? 

33. Find the area of an estate which can Iw subdivided into 347} fields, 
each containing 6 acres 3 r. 15 p. 

54. Find in cu. feet and inches the volume of ij tuns 13 cwts. r qr, 
12J lbs. of cast iron, when the volume of one ton is 8142! cu. inches, 

55. Find the produce of 36 ac. 3 r. p. at 3 qrs. 7 bu. 1 pk. an acre. 

56. What is the weight of 61 gall. 3 qls. r J pt. of oil, when the weight 
of one gallon is 8 lbs. 02.? 

57. What distance will a train travel in 3 hour* 39 min. 2 3 s. at a speed 
of 49 miles 7 f. 53 yds. per hour? 

Ftr additional Examples set Exercise 44. 
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RULE OF THREE. 

285. Two quantities are said to tie directly proportional, or 
simply proportional, when any two values of the first quantity have 
to one another the same ratio as the corresponding values of the 
second. 

Two quantities arc inversely proportional when any two values 
of the firlt quantity have to one another the inverse ratio of the 
corresponding values of the second. 

286. When two quantities are connected in such a way, that 

when one is increased two, three times, ike other is also 

increased, two, three, times, they art in direct proportion. 

For example, if i lb. of sugar cost 5 d., albs. will cost 2 x 5 d., 3lbs. 
will cost 3 x 5 d.. See. 

hence 7 lbs- will cost 7 x 5 d., 

and 16 lbs 16 x 5 d., 

but 7 lbs. r 16 lbs. =7 : 16 (186) 

and 7x5 d. : t6 x $ 4 , = 7 : 16; (188) 

.*.7 lbs. : l6lb$. = 7 x id : 16x54., 
that is, the cost of sugar is directly proportional to its weight. 

In the same way (other things being equal)- - 
The rent ofland is directly proportional to its area ; 

Tilt cost of carriage is directly proportional to the weight carried : 

The price of bread is directly proportional to the value of flour: 

The quantity of oats consumed is directly proportional to the number of 
horses who consume : 

The income arising from money at interest is directly proportional to the 
money, &c. 

287. When two quantities are connected in such a way, that 

when one is increased two, three, times the other is diminished 

two, three , times , they are inversely proportional 

Thus if 1 man can mow a field in 24 days, two men can mow it 
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in half the time, or in — days : three men can mow it in one-third 
of the time, or in y days, 

hence 4 men can mow it in y days j 


and 12 ^days; 

but 4 men : 12 men = 4 : 12, 

and - 4 days : 24 days 3 : * 4 = ‘ : - (|88> 

4 12 4 i- 4 12 

= 12 : 4 ; (188) 


4 men : 12 men - days : 2 ~ days, 

that is, the number of men required to do a certain work Is inversely 
proportional to the number of days, or vice versa. 


In the same way (other things being equal; — 

The length of carpet required to cover a given floor is inversely propor- 
tional to its breadth : — 


The number of horses required to eat a given quantity of oats is inversely 
proportional to the number of days 

The number of yards of cloth that can I* bought for a given sum of money 
is inversely proportional to the price per yard 
The weight of goods to be carried for a given sum is inversely proportional 
to the distance:— 


The time required to travel a given distance is inversely proportional to the 
rate of travelling:— &c. 

288. The preceding propositions will enable us, in simple cases, 
to determine whether a proportion is direct or inverse, but no 
more;— nor is it the province of Arithmetic to determine whether 
or in what way one quantity is proportional to another. Thus 
Geometry teaches us that the circumference of a circle is propor- 
tional to the diameter, but in Arithmetic the proportion is to be 
taken for granted. 

Since then it is assumed in Arithmetic that every proportion is 
either direct or inverse, unless the contrary be distinctly stated, we 
need not apply the preceding tests in full hut simply say:— If when 
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one quantity is increased, the other is also increased, the proportion 
is direct: and if when one is increased the other is decreased, the 
proportion is inverse. 

289. Rule of Three is a process in which three things arc 
given to find a fourth ; two of the given things being of one kind, 
and the third and the answer of another kind, and the one kind of 
quantity being either directly or inversely proportional to the other 
kind. ** 

For example : If 23 yards of cloth cost £$. 16. 8, how much must 
be givetf for 37 yards? * 

Here the three given quantities are 23 yards, ^3. 16. 8, and 37 
yards ; and the fourth quantity, or one to be found, is the cost of 
37 yards ; of these quantities 23 yards and 37 yards are of one kind, 
and the 16. 8 and tost required are of another kind. Also if 
the number of yards be increased 2, 3,... times, tbe cos{ will be 
increased 2, 3. ..times; that is the length and the cast are in 
direct proportion. (287.) 

Hut the corresponding values to 33 yards and 37 yards are 
£y 16. 8 and cost required respectively; therefore the ratio of 23 
yards to 37 yards is the same as the ratio of 16. 8 to cost re- 
quired (285), and we have this proportion or (as it is usually called) 
statement— 

23 yards : 37 yards -^3. 16. 8 : cost required, 
where it is arranged that the cost required is the fourth term, 
and therefore the given cost is the third ; and since the proportion 
j* direct, the first and second terms of the first ratio correspond to 
the first and second terms of the second ratio. 

Replace the quantities in the first ratio by the numbers which 
measure them, and we have 

23 : 37=j£ 3- 16. 8 : cost required, 

/r 16. 8 x 17 . . 

therefore cost required =- • ( r 9 2 ) 

Hence to find the fourth term, or cost required, we multiply tbe 
third term by the number in the second term, and divide by the 
number in the first term. 
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5 * 89 . 

Again— -If 1 cwt 3qrs. 16 lbs, be worth £23. 3. 9, what is the 
value of 5 cwts. 1 qr. 20 lbs.? 

Here if the weight be isurhsed the value will be increased \ and 
therefore the proportion is direct (288); hence, as before, we have 
this statement : — 

l cwl. 3 qrs. 16 lbs..: 5 cwts. 1 qr, 50 lbs. = £13. 3. 9: value required. 
_i —L 

7 it 

ji8 18 

an 608 

But in order to replace the quantities in the first ratio by their 
corresponding numbers, we must bring them to a common deno- 
mination; bring them to lbs,, and the statement becomes 
212 lbs. : 608 lbs. =£23. 3. 9 : value required, 
merefore 213 : 608 = ^33. 3. 9 : value required; (185) 

and therefore value reqd - ^ ^ (193) 

Lastly— If 12 men can do a piece of work: in 15 days, in how 
many days will 20 men do the same work ? 

Here if the number of men be increased 2 , 3, ...limes, the 
number of days will be diminished 2, 3,... times, therefore the 
men and the days are in inverse proportion. 

But 12 men correspond ‘to 15 days 

and 20 men days required; 

therefore 15 days is to days required in the inverse ratio of 12 mot 
to 20 men, that is, in the ratio of 20 men to 1 2 men : hence we have 
the statement 

20 men : 12men~($days : days required, 
where, as before, the quantity required is the fourth tern\; and since 
the proportion is inverse, the second and first terms of the first ratio 
correspond to the first and second terms of the second ratio. 

29a From these considerations we have deduced the following 
Rule:- 

Take out the two given quantities of the same kind and com- 
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Sago. 

spending to them the other given quantity and the quantity required. 
1/ the proportion be direct, make the ratio of the first two equal to 
the ratio of the second two : if inverse} make the inverse ratio of the 
first two equal to the ratio of ike second two. If necessary, express 
the first and second terms in the same denomination. Multiply 
the third term by the number in the second term , and divide 
the product by the number in the first term j the result will be 
the u quantity required. 9 

Rtmark. The first ratio is not altered in value, if we multiply 
or divide both its terms by the same number (188); nor is the 
answer altered if we multiply or divide the first and third terms by 
the same number. 


Ex. 1. If 29 tons of coal cost ^25. 17. 2, what will 356 tons 
cost ? 

If the weight be increased a, 3, ... times, the cost will be increased 
t, 3, ... times, therefore the cost is directly proportional to the weight. 

Now 19 tons correspond to £15. J". 1, 

mu! j t 6 tons ..... cost required ; 

therefore we have 

19 tons : 356 tons. -£25. 17. 1 : cost required. 

20 


5 l 7 

it 

6206 

3 S 6 

'37136 

3103# 

18618 n) 

29 1 2109336 ( 76 [84^ 

>79 20) 63+8. 8_ 

”, 
n 6 
0 

Cost required = j£|i 7 - 8> & 

When we have reduced the third term to pence, we umy consider the 
lUtemeat to itand tha*:— 

J 9 ; Jj6 = 620$ci : cost required (in pence), 

„ .hereto. mehiplj ike IkW « ky JS 6 ' “ d di,ii! * lW “ 6 
76184 d. which U equal to foi"}- 8. 8* 
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Ex. 2. If a bar of gold weighing 8 o*. io,dwts. 1 5 grx be worth 
£31 3- 9> wilt will a bar weighing 3 lbs. 8or. 15 dm 3gre. be 
worth ? .... 


Since as in Ex. I the value is dirtetfy proportional to the weight, we 
have 


0*. dwtv RT-V 

ot dwij. 

gn £. s. d . 

8 . 10 . 1} 

44-15 

•3 = 33 . 3 • 9 : value required. 

10 

10 

10 

170 

895 

663 

*4 

14 

11 

*95 

35 »3 

? 9 b 5 

34° 

' 79 ° 

'593 

4^5 


34* 

8+9 

*38? 

*593 

9* 

34 * 

* 37 1 

13 


4779 



'3 ) 543»3 



11)41 785* A 



10 ) 348.3 . 1 


£•74 •* . i* A value wqd. 


Here we reduce the 1st ami tnd terms to a common denomination (grj.), 
and for convenience we reduce the 3rd term to pence, so that we have 
4095 : 11483 = 7965/ : value requited (ia pence). 

Divide now ihe rs( and 3rd terms by 5; then divide the tsl and and 
terms by 9, and then again by 7 ; and we shall have 

13 ; 34 r = 1593/. : value required (in pence). 

Proceeding now in Ihe usual way, we find the value required lo lie 
4 i 7 *j}iV. 0^174.1. 1 i iV 


Ex 3. If I7cwts. 3 qrs, 16 lbs. of barley cost j£8. 18. 9, what 
weight may be bought for £2. «6. 3? 

The weight is dirtcllj proportional to the money, therefore, slating as in 
Ex. 1, we have 


£*■ .B. 9 i 

£ I ■ i6. 3 

Cwt*, 

17 a 

qm, 

3 

lb.. 

16 i- weight required. 

10 

10 



5 

1 <8 

5 * 

' 'W 

, 1 

* *4 

11 

13 



9 

"445 

. J 

r*i )_805 . 

0 

■ 10 


♦35 l|J j 

1 * 3 ) 73 ■ 

0 

■ »iA 

‘43 

45 

cwts. « . 

1 3 

> * 4 iW weight reqd. 
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Here we reduce the wt and md terms to the common denomination, 
pence ; and then dividing each of them, first by 5 and then bf 3, we get 
*43 ! AS- 1 ! cwts. 3qrs. 16 Its. : weight required, 
and without reducing the 3rd term, we multiply by 45 or 3x9, and then 
divide by 143 or 11 x 13. giving the weight required. 

Ex. 4- If 4 i «*• of gold be worth £19. 12. 6, what is the value 
of 3lb$. lijoz.? 

Here the value is di recity proportional to the weight; 

4i uz < ■ 4ji M* t value required; 

11 

Value required;-^ x — x 

® 3 39 9 

=/i9« • i? • 9l‘V 

Ex, 5. If for a given sum of money 4 tons 3 cwts. 48 lbs. can be 
carried 8jj miles, how far can 510ns 1 qr. 1 4 lbs. be carried for the 
same sum ? 

4 tons 3 cwts. 48 lbs. -- 83^,*, cwts, - 83$ cwts. 

5 Ions j qr. (4 lbs. - 1001Y1 cwts. « ioof cwts. 

Now if the weight be increased i, 3, ...fold, the distance must be de- 
creased i, 3, ...fold 5 therefore the weight is inversely proportional to 
the distance. 

But 8,1$ cwts. correspond to 8| miles 

and 1005 cwts. .... distance required ; 

therefore the inverse ratio of the two weights is equal to the ratio of their 
corresponding distances, thus 

loofcwts. : 83$ cwts, =8 J miles : distance required ; 

44 8 

.*. distance required = — x »— x J* = — miles 
^ 9 ? 803 9 

ft 

r- - J miles. 

Ex. 6. If 7 men can mow a field in i8f hours: in how many 
hours cam; men mow the same field? 

If the number of men be increased, the number of hours in which they 
can mow the field will be proportionally decreased, hence the invtrst ratio 
of 7 men to 1 j men equals the ratio of tBJ hours to hours required; that is, 
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15 men : 7 men^iBj hours : houjs required ; 

•\ hours required =— x — = — 

» 4 15 4 

o Bj hours. 

Ex. 7. If a capital of /3250 realize a profit of /146. 55., what 
profit will a capital of /too realize at the same rate? 

Though the three given quantities are all money, yet in stating the 
question we must distinguish between them: for £3250 and /too repre- 
sent (a pi tat laid out, while /146. $f. and “profit required " represent profit 
arising therefrom : and as the profit is dirtctly proportional to the capital 
laid out, we have 

/3350 : j£roo= 5 : profit requited. 

/. Profit required =/i 4 fij x - ,0 ° 

-jdih' 

291. When the quantities in the second and third terms are of 
the same kind, there is no objection to our alternating those terms 
(193*): thus in the preceding Example we have 

/3250 : /too ---/146} : profit required, 
therefore /3250 : -/too : profit required, 

which expresses that the ratio of the first capital to its profit is 
equal to the ratio of the second capital to its profit. 

Such a mode of statement as this latter one is found very con- 
venient in those classes of questions where 100, or some other 
fixed number, is taken as a standard. 

Ex. 8. A public company whose capita! was /50000 is wound 
up, and its assets are found to be / tat 87. lor, ; how much will be 
paid in the pound ? 

The dividend on /50000 is /lll87‘$, at die same rate what is the 
dividend oc fii ? hence we have (191) 

/50000 : : dividend on /■ ; 

Ptafcpd on -jC'mn 
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Kx. 9. A bankrupt’s debts amount to £4357. 7. 8 and his 
assets to j^ 9 2 9 - 54 : h° w much will be received on a debt of 

^325 i 4 . 7 i? 

J fere the whole debt of £4357, 7. 8 is discharged by a payment of 
/919. 16. ii: and the question is by what payment will £323. 14, 7} be- 
discharged at the same rale. Hence 


Ussrfii 


£919-813 =3*5731 

328929 

4935579°° 

65 146:0 

■•935579 

260585 

6515 


Payment required. 


977 

1 302872- 1 76 ( 69-5078 
4I42919 
221274 


34°5 

355 

7 


Payment require! =£69. 10. if. 


Ex. to. A person after paying an income-tax of jd. in lhe£i 
has a net income of £1247. 10. 5, what is his gross income ? 

For every 191. 5/ of net income he has a gross income of £1, hence 

Kjr. y. : £ 1 2+7. 10. s=£i : gross income required 

It 10 

133 1495 ° 

12 

1J3 ) 1994°5 ( u#5 

664 

1980 

nfiS 

o Gross inconie=£ri85. 


Ex. 11. Two clocks arc exactly together at 12 o’clock noon, on 
a certain day : one of them gains 7 sec, and the other loses’ 6 see. 
in 1 2 hours. After what interval will one have gained half an hour 
on the other ? and what o'clock will each then shew ? 

The one clock gains on the other at the rate of 13 »ec. in 12 hours, or 
16 sec. in 1 day; and the question is, after what interval will it have 
gained 30 min. or 30 x 60 sec. on the other, Nu w 
B.-S. ^ 


17 
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16 sec. : 30 x do sec. = 1 day : interval required; 

.'. Interval required =^^?day&=^ days. 

=69 days 5 h. 3^ m. 

and therefore the true time at the end of the interval U 5 h. 31^ m- p.m. 

But in -\S ? days the first clock has gnineil W* 14 sec. or 165*, min., 
and the second has lost Vi* x 1 1 sec. or 13)^ ruin. 

.'. the first clock will shew 3 h. 48 j 8 , m. p.m, , 

and the second „ „ „ 3 h. 18ft m. P.M. 


Exercise 47. 

i. If 3qr$. 7 Us. of tobaoco cost ,£17. 13. 6, what is the value of £cwts. 
tqr. 33 lbs.? 

s. If 17 cwts. a qrs. 14 lbs. can he obtained for £8. 13. 3 j, what weight 
can be obtained for j£ar. to- sj? 

3. If 19 men can finish a work in 437 days, how long will it lake 13 
men? 

4. The clothing of a regiment of 735 men costs ^1398. 15. 6, what will 
the clothing of a regiment of 903 men cost at the same rate? 

5. A person in 87 days spends £38. 19. 4J, in how many days will he 
spend £163. 9- 9i at the same rate? 

6. The interest on £lji. r8. 4 for 77 days is £$. 3. 8| : find the in- 
terest on the same sum for *43 days. 

7. The interest on ^aj*. n- 7$ for 10 months is ^ to. r. 8^ : what sum 
will yield the same interest in 17 months? 

8. How many ducats of 4J. iijj}*/. each are equal in value to 55916 rix- 
dollais of 4c. 10 \d. each? 

9. A draper having sold 147 yards of cloth at the rate of £\, 9. 3! 
for lj yard, found that he had gained £16, 10, 9. What did the cloth 
cost him? 

10. What do the taxes on a house rented at £317. ia. 6 come to, 
when the taxes on a house rented at 35 guineas are £6. 8. 7 j? 

1 1. If 35 ells of velvet cost ^13. 19. 8$, what is the price of 63 yards? 

M. ^When 19 yds. iqrs. 3nls. of cloth cost £}. l». j$, how many ells 

can be obtained for £10, 0. oj? 
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13. When the carriage of 3 cwts. 2 qrs. l+lbs. for 37 miles is i8r. 5^?., 
what weight can be carried the same distance for £15. 16. 3? . 

14. If 1 ton j <5 cwts. 3 qrs- 20 lbs. cost £f. 15. 8, how much will 3 tons 
n j cwts. cost at the same rate? 

15. A garrison of 638 men has provisions for 124 days; how long will 
the provisions last if the garrison be reinforced by 418 men? 

16. A gang of reapers can reap 84 ac. 3 r. 14 p. in 13I hours: in how 
many hours can they reap 401 ac. 8p.? 

17. If a sequin be worth <y. 4$ d., and a carlino £$. it, 3J, how many 
sequins are equivalent to 450 carlini? 

18. A grocer bought 2 tons 3 cwts. 3 qrs. of sugar for ^120, and paid 

501. for expenses; how much must he charge per cwt. to have a clear profit 
of j£6 1 . 5#.? * 

19. If the 4^. loaf weighs 2 lbs, 3 02. when wheat is at ?r. 1 \d. a bushel, 
what should it weigh when wheat is at yr. ud. a bushel? 

20. After payment of an income-tax of 71 i. in the £1, a person has left 
,£349. 19. 9^; find his full income. 

91 . If lbs. of tea cost &. 8$/, how much will 27^ lbs. cost? 

32 . If 4$ oz. cost ijr., what weight can be had for 

33. When j | cwt. is worth /3H1 what is the value of ^ of a ton? 

14. If 1} yard of silk cost ror. u\d., what will be the cost of yards? 
and how many yards can be got for £$i 

• 35. If a person can walk 1 mile 2 f. SJ p. in 20 minutes, how long will he 
be in walking 149 miles if. 15 p.? 

26. How many yards of cloth at 32. a yard must be given in 
chsyige for 937$ yards of velvet at i8r. i\d. a yard? 

37. A piece of cloth measuring 9 ells 1 qr, 3 nls. 1 Jin. cost £1, 12. gf, 
what is the value of 8 j yards? 

38. If 3 cwts. 3 qrs. 23 J lbs. be carried 234 miles for 17* how far 
can n cwts. 1 qr. rof lbs. be carried for the same money? 

39. A person paid /18. 152. for a year's income tax: but after the 
government increased the tax to 9 i. in the pound he paid £§i. 10s.: what 
was his income, and at what rate in the pound was the tax levied at first? 

30. A watch which is 10 minutes too fast at n o'clock noon on Monday 
gains 3 m. to a. a day ; what will be the time by the watch at a quarter past 
10 on the morning of the following Saturday? 


17- ? 
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31. The price of oiijlb. of cuffee is ‘4583/., whal is the mine uf '075 
of a ion? 

32. Whal is the quarter's r<ytt of 182 3 acres of land, at £4*65 per annum 
per acre? 

33. If an ounce of gold be worth £4'! 39583, what is the value of 
*3jJ6 lh.? 

34. What is the weight of a service of plate costing £1355*835, when 
one article weighing 7*4583 02. costs ,£3*231 94? 

33. If a pipe of Port containing 115 gallons costs £97. ijr,,' what is the 
cost per dozen when 1 gallon fills 6 4 buttles? 

36. If when the price of wheat is 55*5/. a quarter, the 6 J. loaf weighs 
3*4375 lbs., what is the price of wheat when the loaf weighs 3*8125 lias.? 

37. An English mile is *313^ of a German mile. What time will a 
man who walks 4 English miles an hour take to walk a German mile? 

38. A garrison of toco men was victualled for 18 days: after 1 1 days it 
was reinforced and the provisions were exhausted in 5 days; find the number 
of men in the reinforcement. 

39. A person has a dear annual income of £398. 15. 2. During the 
first 17 weeks of the year 186$ he has been spending at the rate uf £ 1 9. 1. 8 
a fortnight: what reduction must he make in his daily expenditure so as 
to save £20 on the whole year? 

40. A dock which was 1*4 min. fast at a quarter to 1 r r.M. on Dec. 2 
was 8 min. slow at 9 A. M. on Dec. 7; when was it exactly right? 

41. If the rents of a parish amount to £15685. isr. and a rate is granted 
of £2137. 8. 9, find to the nearest farthing at how much in the £t the 
rate must be laid to realise this sum. How much must be paid by an estate 
valued at £453. 11. 8? 

41. U £52- 18L 9 l« given for 40 yards 3 ft. coin, uf brickwork, how 
many yards, &c. can be built for £ tot. 1 5 f . ? 

43. The weight of a 31-poundcr gun being 3 tons 4 cwls., and tint of an 
18-pounder 1 tons 1 cwts., how many 1 8- pounders will be equal in weight to 
189 32-pounders? 

44. When the price of copper is y. ntf. a lb. and the price of tin 
If. 7 4 if. alb., how much copper must be given in exchange for 5 cwts- 3 qrs. 
ifi Lbs. of tin? 

45. A cup weighing 1 1 o/.. i$dwts, 8grs. is worth £5. t8, 9: what 
is the value of a goblet weighing 3 lbs. 8 or. 19I dwts. at the same rate? 

46. A floor can be covered with 31 J yards of drugget 7 quarters wide! 
i»w many yards of Brussels carpet 36 in. wide will cover the same room? 
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47.. if 4 men working 15 hours, 3 men working 11 hours, and S men 
working 3 hours cam £*,. pf., what will a man’s wages for 6 days come to 
if he works 1 1 hours a clay? 

48. A regiment of a thousand men are to have new coats: each coat 
is to contain a} yards of doth of 1 j yard vide, and to be lined with 
shalloon J yard wide: how many yards of shalloon will he required? 

49. A clock which was t *i minute fast at a quarter to 11 f.m. on Nov. 
a 8, was exactly right at 11*30 F.M. the following day. Ifow many minutes 
was it slow^il a quarter to 1 F.M. on Dec. 7? 

50. Supjxxing the numlwr of sheep in the country to 1 * 13000000, what 
would 1 m: Ihe value of the wool in a year, estimated at £ 8. ijj. per cwl., if 
13 sheep yield 29 lbs. of wool? 

31. If 7 women earn as much as 4 men, and 48 men assisted by 14 
women earn £+i. 7 $., what number of women assisting 20 men will earn 
£17. 4. 6 in the same time? 

32. If 7 oxen or 1 1 horses can eat the grass of a field in 37 days, in how 
many days will 5 oxen and 8 horses eat it? 

53, If 3 lbs. 7$ oz. of cotton can lie spun into a thread 264 miles ioio 
yards long, what weight of this thread would be sufficient to reach round 
(he globe, a distance of 25000 miles? 

54. A mom, 31 ft. 6 in. long ami 23 ft. 10 in. broad, is to be covered 
with carpet $ yard wide : what length of carpet will be required? 

5j. When 34 yards 1 J feet of carpet are required (0 cover a floor 23 ft. 
6 in. long and 15 ft. 9 in. broad, what must be the width of the carpet? 
,56. If 1 j oxen and 35 sheep cat 6 tons 7 cuts, of hay in 4 days, how 
much will it cost per week to feed 4 oxen and 6 sheep; the price of hay 
being £%■ iff* per ton, and 2 oxen eating as much as 5 sheep? 

57. A tug 90 feet long, steaming at the rate of 8 miles an hour, is towing 
a s/lip 480 feet long by a hawser of 60 fathoms: a yacht whose length is 
180 feet is sailing in the same direction at the rate of 10 miles an hour. 
What time wilt elapse between the yacht first coming up villi the ship and 
finally clearing Ihe tug? 

58. A bankrupt's estate was calculated lo give a dividend of m. &/. in 
(lie £\ ; but by the unexpected recovery of a debt of £87. 18. 9 the dividend 
was raised to 13s. io</. in the £1. Find the amount of the bankrupt’s 
liabilities. 

59. Two clocks, of which one gains 4 m. 17 s. and the other loses 3 m. 
13 s. in 14 hours, were both within ajmin. of the true lime, the former fast 
and the latter slow, at noon on Monday last: they now differ from one 
another by half an hour; find the day of the week and the hour of the day, 
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60. In running a 3 mile race on a course | of a mile round, A overlaps 
B at the middle of the seventh round. By whit distance will A win at the 
same rate of running? j- 

61. 'When the price of oats is 30/. a quarter, it costs 1 js. 6d. a week to 
keep a horse, bat when oats are 161. a quarter it costs only rhr. ijo 1 .; what 
quantity of oats does a horse consume in a year? 

61. If 5 horses and n mules can draw a load of J5896 lbs. for a given 
distance, how many mules will be required with 9 horses to convey 
337 cwts. 3 qrs. 10 lbs. the same distance ; the load drawn by k mule being 
two-thirds of that drawn by a horse? 

<53. Two clocks strike 9 together on Tuesday morning. On Wednes- 
day morning one wants 10 min. to n when the other strikes ri. How 
many minutes must the slower be put on, or the faster put back, that they 
may strike 9 together in the evening? 

64. A merchant fails for /7851. i&r. and pays a first dividend of 
nr. id. in the /t, and afterwards a second dividend of 8r. 9 d. on what 
was then due. Find what his estate realised, and how much he paid 
altogether in the fa. 

65. If [5 men n women and 9 boy’s can complete a piece of work in 
50 days, how long would 9 men 13 women and 18 Ixjys be in doing 
double the quantity, the part done by each in the same time being as the 
numbers 3, i, and t? 

66. If 4 men or 6 women or 9 boys can perform a piece of work in 
17$ days, in what lime can (1) 3 men and 9 women perform it? and (») 
3 men and 8 boys perform it? 

67. A grain of gold can be beaten into a leaf of 56 sq. inches: how 
many of these leaves wifi make an inch in height, the weight of a cu. foot 
of gold being jo cwts. 3 qrs. u lbs.? 

68. How far mast a carriage be driven that the fore wheel may make 
560 more revolutions than the hind wheel ; the diameters of the fore and 
hind wheels being rift. and ij ft. respectively, and the circumference of 
every circle bong 3} times the diameter? 

69. A watch was 6^ min. alow at noon ; it loses 11 min. in io\ hours : 
find the true time when it* hands are together for the fourth time after 
noon. 

jo. In what time can 0 column of men clear a defile 3 miles in length, 
supposing the column to consist of 10 battalions each extending over 
ij6 yards, and that the rate of marching over the last mile is reduced on 
account of the difficulty of the road from 73 paces of sj feet each to 40 
“paces of il feet each per minute? 
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DOUBLE RULE OP THREE. 

292. Double Rule of Three or Compound Rule of Three 
is a process in wiiich five quantities arj given to find a sixth, and 
four of the five given quantities form two pairs of different kinds, 
and the fifth and the answer form a third pair of another kind, also 
the quantities of the first and second kind are directly or inversely 
proportional to the quantity of the third kind. 

Take the example,— If 6 horses plough 21 acres in 5 days, in 
how many days will t6 horses plough 98 acres ? 
and arrange the quantities corresponding to the two hypotheses in 
two lines, putting those of the same kind under one another^ thus 
6 horses 21 acres 5 days 

16 horses 98 acres days required, 

where it is seen that four of the given quantities form two pairs of 
different kinds— horses and acres; and the fifth and the answer 
form a third pair of another kind— days. Also the number of days 
is found to be inversely proportional to the number of horses (286;, 
and directly proportional to the number of acres. 

293. This definition of Double Rule of Three may be extended 
to cases where seven quantities are given to find an eighth ; nine to 
find a tenth ; &c. 

294. Every question in Double Rule of Three may be solved by 
deduction to the Unit. 

Take the preceding Example, and remembering that the number 
of days is inversely proportional to the number of horses and 
directly proportional to the number of acres, we proceed thus:— 

Since 6 horses plough 21 acres in 5 days, 

t horse ploughs 21 acres in 5 x 6 days, 

and t horse ... 1 acre in ~~ days, 

1 horse ... 98 acres in ^ — days, 

and 16 horses plough 98 acres in days ; 

i. t. days requ ired - ■* 
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295. We will now explain the ordinary method of solution 
which is by two or more Rule of Three statements, and by com- 
pounding them into one fipal statement : hence the name Double 
Rule of Three and Compound Rule of Three. 

Taking the preceding Example, we first ask,— if 6 horses plough 
21 acres in j days, in how many days can 16 horses plough them? 
and here, since the quantity of land to be ploughed is the same on 
the two hypotheses, the number of days will depend on the number 
of horses only, and since the number of days is inversely pro- 
portional to the number of horses, we have this statement,— 

16 horses : 6 horses - 5 days : days ; 

or 16 :6 =5 : -g ; (A) 

that is, t6 horses can plough 21 acres in ^ days. 

Again, we ask, - if 16 horses can plough 21 acres in ^ days, in 
how many days can they plough 9$ acres ? 
and here, the number of horses that plough being the same on 
the two hypotheses, the number of days will depend on the number 
of acres only, and siiuc the number of days is directly proportional 
to the number of acres, we have this statement : 

21 acres : 98 acres = days ; days required ; 

or 2i : 98 : number of days required. (B» 

Compounding the statements (A) and (II) we have (194) 

16x21 ; 6 x 98 = 5 x ^ x number of days required j 

= 5 : number of days required. (18$) 

But this last statement is very conveniently written thus : 

16 : 6j 

2 1 • 98 j ^ days 1 rec l u,rct 'i 
where the sign of multiplication between the factors of the terms of 
the first ratio is understood. Now we must remember that the 
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ratio 16 ; C is got from the fact that the number of horses is in- 
versely proportional to the number of days, when the number of 
acres is not considered; and that the#ratio 21 : 98 is got from the 
fact that the number of acres is directly proportional to the 
number of days, when the number of horses is not considered. 

Of course, the answer is got by multiplying the third term by the 
second 6 X98, and dividing the product by the first term 16 x 21. 

296. In the preceding Example the answer depends on two 
quantities only- -/wav and acres; but in many cases the answer 
depends on three or more quantities, and then we shall have as 
many separate statements, all of which, just as in the above 
Example, arc compounded into one final statement. 

297. From these considerations we deduce the folluwing Rule 

For convenience^ arrange the quantities corresponding to ike two 

hypotheses in two lines , placing those of the same hind under one 
another , and express them when necessary in ike same denomi- 
nation , Make the given quantity ami li quantity required ” of the 
same pair ; the first and second terms of the second ratio. Take the 
first pair of given quantities of the same kind , and with them com- 
plete the statement (290) : do the same with the second pair , and 
with each succeeding pair , writing these ratios under one another. 
* Multiply the third term by the product of the numbers in the second 
terms , and divide by the product of the numbers in the first. 

Ex. 1. If 3 tons i6cwts. can be carried 25 miles for £\ 1. 17. 6, 
what weight can be carried 52 miles for £5. 19. 2? 

£n. 17. 6 - 18 god. ft,. 19. » a 1 |3 o<A 

Arranging corresponding quantities in two lines, placing those of a like 
kind under one another, we have 

■ j6 cwts. j> 35 miles ! 18502'. 

1 Cwts. required. 1 53 I 14.30 

Make 76 cwts. and “cwts. required” the first and second terms of the 
second ratio. 

Now if the miles the goods have to be carried are increased, the weight 
carried must be proportionally decrtasal, therefore the proportion is inverse, 
and must be in inverse order to the cwts,, hence we must state js : 35. 
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Again, if the money paid for carriage is increased, the' weight carried 
must be proportionally increased, therefore the proportion is direct, and 
follows the same order as the cvyts.; hence we state 1850 : 1430- 
ThereFore the full statement is 

a 3 ■ 1 h I _ g cw ( s _ . required, 

1850 : 1430 j 

cwts. required = 76 * — 1 * cwts. 

^ SJxtfjo 

= l8j cwts. 


Ex, 2, If 288 men in 5 days of 1 1 hours each can dig a trench 
264 yards long 5 feet wide and 2 feet deep, in how many days of 
9 hours each can 112 men dig a trench 420 yards long 8 feet wide 
and 3 feet deep ? 

men. cbyi. hours, yards. 

I 5 in (164 
I m fdays reqd. ! 9 y+io 

Make 3 days : days required, the second ratio. 

If the cumber of men working at the trench be increased, the number of 
days in which it will be dug will be proportionally decreased, that is the pro- 
portion of men to days is inverse. 

If the number of hours the men work per day be increased, the number 
of days they will have to work will be decreased, therefore the proportion of 
hours per day to days is inverse. 

If the number of yards in the length of the trench be increased, the num- 
ber of days in which it will be dug will be increased, or the proportion ol^ 
length to days is direct 

If the number of feet in the width, or in the depth, he increased, the 
number of days will be increased , or the proportion of the width nr the 
depth to the days is direct. 

Hence in the first two statements we follow the iwrvrif order of the days, 
and in the last three the same order, and our full statement is— 


ft. wide. ft. deep. 



in : 488 
9 : n 
164 : 410 
5 : 8 

1 : 3. 


= 5 days : days required ; 


days required = 5 


a 88 xnx 4 3 <>* B x 3 ■ 
inx 9x164x5x1 &yi 


= 60 daya. 
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Ex. 3, If 16 cannon firing 4 rounds in 7 minutes kill 270 men in 
an hour and a half, how many cannon firing 8 rounds in 9 minutes 
will kill 420 men in 40 minutes ? * 


cannon, rounds. min. men. hours. 


1 6 4 

7 

»yo 

ih 

cannon teqd. 8 

9 

420 

I 


If the number of rounds be iturwtd, the number of camion will be 
farmed — proportion inverse. 

If the interval between each round be increased, the number of cannon 


will be increased — proportion direct. 

If the number of men to be killed be increased, the number of cannon will 
be increased — proportion direct. 

If the time during which the cannon fue be iner eased, the number of 
cannon will be dttrtased. 

Therefore stating as directed in the last example, we have 


6 cannon ; cannon required; 



cannon required 




Ex. 4, A garrison of 4500 men is supplied with provisions for 1 5 
weeks at the rate of 13 oz. per day per man : how many men must 
leave that the same provisions may supply those that remain 
27 weeks at tooz. per day per man? 

Here we must find how many men the provisions will supply on the 
s&ond hypothesis. 

row. weeks. 01 

45 °° r 5 *3 

men required 17 10 

If the number of weeks be increased, the number of men must be deereased 
— proportion inverse. 

If the number of ounces per day be increased, the number of men must be 
deereased— proportion inverse hence 

’ I ®{=4{oomen : men required; 

10 ; 13) 

. 15 x ij 

.\ men required =4500 x ^y^ e *3 3 5°> 

no. of men that must leave=4joo- 3150= 1130 
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Ex. 5. A wait 1690 feet long has to be built in 30 days; and it 
is found that 7 men in 14 days have completed only 490 feet ; how 
many additional men must be employed that the wall may be 
finished in the required time? 

The question really is— how many men must l>e employed to complete 
the remaining iioq feet in the remaining if) days? 

Now l he length of the wall is dimity proportional to the numl>er of men ; 
and the number of days is iuvmtiy proportional to the number of men : 
hence 

490 : uool . . 

, 1 = 7 men : men retmired ; 

ft) : 14J 1 

. . noox 14 

men required = 7 X — > — 1 j ; 

1 490x16 

no. of additional men = 15-7 =8. 


Exkrhsk 48. 

1. If 67 Ions carried 87 miles cost £*4. }. 9, what will "3 tons carried 
93 miles cost? 

If 6c tons carried 3 1 miles cost £io. ll. 9, how far can 7; tons be carried 
for ^31. a. 5? 

If 37 tons carried 57 miles cost £i. 15. 9, what weight can lie carried 83 

miles for £ii. I j. 9? 

]. If 939 men consume 364 quarters of wheat in 7 months, how many 
will consume 1404 quarters in 13J months? 

3. If 15 men take j; days to mow 300 acres of grass, how long will i7 ( 
men take to mow 167 acres? 

4 If £ 1375 put out at simple interest for 3 years produce ,£144. 7. 6, 
in what time will the interest on £st,so amount to £190. 11, 15 it the 
same rate? r 

j. If a tradesman with a capital of £1000 gains .£90 in 7 months, how 
long will he be in gaining £10. jj. with a capital of ,£315? 

6. When wheat is at ijr. a bushel 8 men can be fed for n days at 
a certain cost. For how many days can 6 men he fed for the same cost 
when wheat is ru. a bushel? 

If 15 men arc fed for 7 days at a certain cost when wheat is ns. a bushel, 
what most be the price when 10 men are fed for 8 days at the same cost? 

7, If a penny loaf weigh 6 oz. when wheat is 5*. 6 d- a bushel, what 
should be the weight of the shilling loaf when wheat is Sr. 31/. a bushel? 

If the penny loaf weigh 6 01. when wheat is 5#. (yd. a bushel, what should 
be the price of a loaf weighing 4 Jibs, when wheat is at Rr. 3 d. a bushel? 
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8. If 36 men can do a piece of work in 10 days working 10 hours a 
day, in how many days could 40 men complete the same work, working 
9 hours a day? 

If 57 men can do a piece of work in if days working 10 hours a day, 
how many hours a day must n men work lu do the same in +5 days? 

9. If a quantity of provisions would serve a besieged garrison of 1000 
men for 13 weeks at the rate of 18 os. a day for each man, how many 
mnccs must each man receive that the garrison increased to 1500 ma y be 
Able to hokj out 3 weeks longer? 

If a quantity of provisions will serve a Ircsieged garrison of 5500 men 
tor 11 weeks at the rate of loot a day for each man, how many men 
would the same provisions maintain for 10 weeks at the rate of 8 01. a day 
for each man? 

to. If 10 men could perform a piece of work in ti days, find the 
nuinlwr of men who would perform another work three times as great in 
onedifth of the time. 

it. If 9 men can reap ij ac. 1 r. 18 p. in 3 days of ioj hours each, how 
many men will reap 401 ac. 8 p. in 7 days of rr$ hours each? 

iz. If the carriage of 6c«ts. 3 qrs. for 114 miles cost ^3. 4.8, what 
weight would be carried 93 miles for /}. 0. 7j? 

If the carriage of 5 cwts. iqr.nlbs. for 39 miles be £t. ft. 6, what 
must be paid for the carriage of 7 cwts. 16 lbs. for 48} miles? 

13. How many men would it employ for 5^ days to cultivate a field of 
i| acres, if each man completed 7; sip yards in 9 hours, and the day con- 
sisted of 10 hours? 

14. If (1 iron hats 4 fi. long 3 in. broad and 1 in. thick weigh 288 lbs., 
find I he weight of 15 Kars each (1$ ft, long 4111. broad and 3 in. thick. 

15. If 5 men can reap n rectangular field whose length is 800 feet and 
b/cadth 700 feet in 3^ days of 14 hours each, in how many days of 11 
hours each can 7 men reap a field 1800 feet long and 960 feet broad? 

If 5 men in 6 days can reap a field izoo feet long and 800 feet broad 
working 6 hours a day, what is the breadth of a field whose lengih is 1180 
feel which 6 men can reap in 5 days working 8 hours a day? 

16. If 3 horses require as much corn as 8 ponies, and 13 quarters 
of corn last 11 ponies for 64 days, how long may 13 horses lie kept for 
Z4I. fi., when corn is «j, a quarter? 

If j 1 horses anil it; sheep can be kept 10 days for £$ 6 . 8. 4> w hat sum 
will keep 9 Homes and 6o sheep for 17 days, supposing that 3 horses eat as 
much as 50 sheep? 
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If 6 oren or 13 sheep eat 16 cwts. 3 qrs. JO lbs. of hay in V) days, how 
much ought to be paid for the supply of hay to 17 oxen and 40 sheep 
during the month of March, hay being worth 4 53 guineas per ton? 

1 j. If 10 cannon which fire 3 rounds in 5 minutes kill 170 men In an 
hour and a half, how many cannon which fire j rounds in 6 minutes will ' 
kill 500 men in one hour at the same rate? 

18. If uj labourers can dig a ditch 110 yards long 3 ft. 4 in. wide and 
1 ft. 6 in. deep in 31 days when the day is 9 hours long, how many 
labourers would be able to dig a ditch half a mile long 1 ft. 4 In. deep and 
3 ft. 6 in. wide in 36 days when the day is 8 hours long? 

19. Two gangs of 6 and 9 men are set to reap two fields of 35 and 45 
acres respectively. The first gang works 7 hours in the day, and the latter 
8 hours. !f the first gang complete their work in ts days, in how many 
days will the second complete theirs? 

10. If a beam which is 10 in. wide 8 in. deep and 5 ft. 6 in. long weigh 
8 cwts. 1 qr., find the length of another beam the end of which is a sq. foot 
and which weighs a ton. 

it. If the wages of 13 men amount to ,£76. 13. 4 in s6 days, how 
many men must work 14 days to receive ,£103. 10/., the daily wages of the 
latter being one-half those of the former? 

12. If when copper is fa. 14. 4jpercwt.I ran get 3 cwts. iqrs. i 4 lbs. 
of brass for/»7. a 3i- how much brass shall I get for ^153. 17. 6 when 
copper is at £9^ CWJ ? 

13. If 17 cwts, 1 qr. can be carried 840 English miles for ^15. 1. 6, 
how many Irish miles may a tons 6 cwts. be carried for fat. tor.: the 
Irish mile being t'ij or an English mile? 

24, If 5 labourers or 3 navvies can excavate 18 cu. yards of earth in- to 
hours, in how many hours cm 6 labourers and 8 navvies excavate 110 cu. 
yards, the soil in the latter case being one-fourth more difficult to work 
than in the former? 

■jj. A person is able to perform a journey of 14.3*1 miles in 4} days 
when the day is to 164 hours long: how many days will he be in travelling 
505-6 miles when the days are 8-4 hours long? 

ad. If the 4 d. loaf weigh 1 lb. 9$ 02, when wheat is at 9J, yi. a bushel, 
how much bread can be got for y. ~\d. when wheat is at 761, a quarter? 

If the 6d, loaf weigh 4-35 lbs. when wheat is at 5*7 3/. a bushel, what 
. ought to be paid for 49-3 lbs. of bread when wheat is at 9’S/, a bushel? 
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V}. If 48 pioneers in 5 days of hours long can dig a trench 139*75 
yards long 4*5 yards wide and 1*5 yards deep, how many hours per day 
must 90 pioneers work during 4a Hays in order to dig a trench 1636*6875 
yards long 4*875 yards wide and 3*1 yards diep? 


16. An ox. of standard gold is worthy. 17. ro£ and contains *911} 
of pure guld ; find the value of (neglecting the alloy) 

(j) 10 lbs. of jewellers’ gold containing *583 pure gold : 

(a) a ^Inhur weighing 7 dwts. ajgrs. containing *993 pure gold: 

(3) a Star Pagoda weighing a dwts. 4^ g:s. containing *792 pure gold. 

29. A contractor engaged to finish a work of 315002. yards in 50 days, 
and employed at once 60 men upon it, but at the end of 35 days he finds 
only iSoocu. yards completed : how many more men must he put on to 
complete the work in the given time? 

30. An engineer engages to complete a tunnel 3$ miles long in 2 years 
ro months ; for a year and a half he employs 1200 men, and then finds he 
has completed only three-eighths of his work: how many additional men 
must he employ to complete it in the required time? 


31. If 7 women earn as much as 4 men, and 48 men assisted by 14 
women earn m guineas in 17 days, what number of women assisting 
20 men will earn 3. 6 in one-third of the time? 


]i- If 16 men in 18 days can perform a piece of work which occupies 
^<i Ixjys for 24 days, how many men must help 21 boys to perform the 
same piece of work in 26 days? 


33. Two cogged wheels, of which one has 15 cogs and the other 28, 
wofk in each other. If the first turn 26 times in 7^ seconds, how often 
will the other turn in 22 seconds? 


34. Two sets of men perform the same amount of work. Each man 
in the first set is stronger thm each one in the second in the ratio of 7 to 
6: the first set works 6 days a week for 10 weeks, and the second set 
5 days a week for 7 weeks. If there are 9 men in the first set, how many 
are there in the second? 


35. If 6 men can reap 15 acres in 3 days of 24 hours each, and 10 boys 
can reap 10$ acres in 5 days of 9 hours each, find the ratio of the work of 
a man to the work of a boy. Find also how many acres 4 men and 
7 boys can reap in 7 days, working 1 1 hours a day. 
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36. If 5 pumps each having a length of stroke of 3 ft. working 15 
hours a day for 5 days empty the water out of a mine, how many pumps 
with a length of stroke of ft. working to hours a day for 1 1 days will he 
required to empty the same mine, the stroke of the former set nf pumps 
being performed 4 times as fast as those of the latter? 

37. An engine of 40 horse-power can raise 53 tons 1 1 cwts, r qr. 10 lbs. 
through 11ft. in one minute; how long will an engine of 30 horse* power 
take to fill a reservoir containing 900000 cu. feet, the water being raised 
through jo feet, and a cu. foot of water weighing iooooz.? 

38. In a boat-race the C. crew rowed 39 strokes per minute and the 
0. crew 41, but 19 strokes of the former were equivalent to 10 of the 
latter. The C. crew' rowed over the course of 4 miles in 15 minutes ; find 
the number of feet and the number of seconds by which the race was won. 

39. When wheat was at 75a. a quarter the 4 lb. loaf was sold for 7 J</., 
but when wheat rose 51. a quarter the price of the 6 lb. loaf was raised to 
i-f. Suppose the cost of converting wheat into bread be at the rate of 
it. 4 d. per cwt., how much would the bakers lose or gain on every fi of 
their receipts by the alteration of prices? 

40. A contractor engages to make 1 railway 40 furlongs in length in 4 
months, and after employing 375 men 11 hours a day for 3 months he finds 
13 furlongs have been finished. The rest of the work is one-third less 
laborious in character than that already done, hut for the next month the 
men can work only 10 hours a day ; how many extra men must he employ 
to complete the work in the specified time? 

41. The cos! of polishing a cubical block of marble whose edge is 
^4 ft- is 5 guineas: what ought to lie paid for polishing another cubical 
block whose edge is 3! ft. when the price of labour has been reduced 
one-sixth ? Tht surfaet of a tube is proportional to the squarr of its edg.. 

41. If 10 cannon which fire 7 rounds in ta minutes discharge njewt. 
of metal in one hour, what weight of metal will 15 cannon of double the 
bore of the former firing at the rate of i rounds in 5 minutes discharge in 
1 hour to min.? The weight of solid shot is proportional to the CUBE of its 
diameter, 

43. If 7 men build a wall jjft. high and ijft. thick about a square 
court containing t ac. ip. '^jyds. in 33 days of ix hours each, and if 
33 men of equal efficiency working 14 hours a day for 180 days build a 
wall 13} ft. high and jjft. thick enclosing a square park, find the area 
of the park. Tht area of a square is proportioned to the SQUARE of the 
length of Us tide. 
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298. In CHAIM Rule we have a series of quantities of different 
kinds, and \vc have given the relations bAween the first and second, 

the second and third, the third and fourth, , to find what 

quantity of the last kind is equal to a given quantity of the first 
kind. 

The following is an example:— If 3 lbs. of tea be worth 4 lbs. of 
coffee, and lbs. of coffee be worth 20 lbs. of sugar, and 15 lbs. of 
sugar be worth 24 lbs. of rice ; how many lbs. of rice are equal to 
1 8 lbs. of tea? 

We may either solve this question by three Rule of Three state- 
ments, or by Reduction to the Unit ; take the latter method. 


Since 3 lbs. tea - 4 lbs. coffee, 1 lb. tea = - lbs. coffee, 
and 6 lbs. coffee- 20 lbs. sugar, ... iib. coffee lbs. sugar, 


and 15 lbs, sugar = 24 lbs. rice, 


... 1 lb. sugar = — lbs. rice ' 
15 


and /. 18 lbs. tea-i8xlb$. coffee 
3 


or lbs. reqd rice = 


[8 x ^ x — lbs. sugar 

i8x 4 203 
3 6 15 

18x4x20x24 


3x6x15 

If now at the head of the unreduced equations written down 
above we write an equation expressing the relation between “lbs. 
required rice n and the given quantity, we have 
lbs. reqd rice=i 81 bs. tea, 

3 lbs. tea = 4 lbs. coffee, 

6 lbs. coffee -20 lbs. sugar, 

15 lbs. sugar =24 lbs. rice, 

and we sec at once that "lbs. reqd rice” just found, is obtained by 
dividing the product of the numbers on the right-hand side of these 
equations by the product of the numbers on the left-hand side. 

18 


B.-5. A, 
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299. In the preceding equations the quantity on the right-hand 
side of one equation is of the same kind as that on the left-hand 
side of the next equation, and thus the Chain of quantities from 
net to tea, tea to coffee, coffee to sugar, and sugar again to rice, 
is unbroken. And not only must they be of the same kind but also 
of the same denomination, for if not the one or more missing links 
must be supplied : — thus in the Example, 

If jibs. of currants be worth 5 02. of tea, and 4lbr. of tea be 
worth 9 lbs. of coffee, how many lbs. of coffee arc worth 48 lbs. of 
currants ? 

we must either supply the missing link 160a. tea - 1 lb. tea, or we 
must express 5 or. tea as fa lb. tea; so that we have 

lbs. reqd coffee =48 lbs. currants, lbs. reqil coflee =48 lbs. currants, 

3 lbs. currants, =5 or. tea, 3 lbs. currants = fa lb. tea, 

16 oz. tca s 1 lb. tea, 4 lbs. tea = 9 lbs. coffee; 

4 Da 

. \ lbs. reqd coffee - 

= '«i 

300. We deduce then the following Rule : 

Express the relations between the quantities in a series of equa- 
tions where the first expresses the relation between the quantity 
required and the given quantity, and where the right-hand side of 
one equation and the left-hand side of the next equation and of the 
last equation and first equation , are quantities of the same kind 
and of the same denomination. The quantity required is found 
by dividing the product of the numbers on the right-hand side of 
these equations by the numbers on the Ift-hand side. 

Remark. It is unnecessary to name the quantity on the Uft- 
hand side of any equation ; for it must be the same as the quantity 
on the right-hand side of the preceding equation. 

Ex. 1. If | of a sheep be worth and ■ of a sheep be 
worth — of an ox, what must be given for 100 oxen ? 
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rcqd= 100 oxen, 
tV - - 7 sheep, 

Wi; , 

f . lOOXfxi 3 

. .^srefjrla J -100X x?0 = JOOO. 

T‘ x s 7 

Ex. 2. How much tea at it. 9 d. a lb. ought to be given in 
exchange for 5 cwts. 3 qrs. 14 lbs. of tobacco at /19. tor. per cwt. ? 

i 5 cwts. 3 qrs. 14 IIk.^ govts. 35 qrs.- cwts. 

Now Ihs. reqd tea=gj cwls. tobacco, 

1 =&& 

1 = 2401/,, 

33 » i lb. tea; 

•\ lbs. reqd tea-® 8 2 40 =833^. 

Ex. 3. A Turkish day's journey is to hours of 3i English miles 
each hour, and 11 English miles is equal to 12 Roman miles: 
how many Roman miles are there in 25 Turkish days’ joumies ? 
Roman miles reqd =25 Turkish days’ joumies, 

1 = 10 hours, 

1=3$ English miles, 

11=12 Roman miles ; 

Roman miles reqd = 2 j x 10 x J x l>Xvr~954tv 


Ex. 4. If t lb. of standard gold, of which 11 parts out of 12 are 
fine, be worth ^46. 14. 6, find the value of 550 Madras gold rupees 
each weighing ? dwts. 12 grs, of which 916 parts out of 1000 arc fine, 
£46, 14.6^46*1, .•. 40 lbs. standard 1869: hence 
£& reqd =530 Madras rupees, 

j-- 15 dwts. Madras standard, 

20 x t2 = c lb. < 


1000=916 lbs. fine, 

11 = 1-1 lbs. English standard, 
40=^1869; 


£1 reqd- 


550 x r$xqt6* 12x1869 

3 X 20 X 12 X 1000 X 12 X40 


=/8oi^j. 
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Exercise 49. 

1. If 16 Juries made 17 guineas, 19 guineas made 24 pistoles, 31 pis- 
toles made 38 sequins; how mjpiy sequins were there in 1581 darics? 

а. u r Irish acres are equal to 196 Imperial acres, and 126 Imperial 
acres arc equal to too Scotch acres; how many Scotch acres arc equal to 
383 Irish acres? 

3. If 1 1 of A count for 13 of B, 6 of B for 18 of C, and 13 of C for 
t of D\ how many of A count for 100 of />? 

4. If u oxen he worth 29 sheep, 13 sheep worth 25 hogs, 17 hogs 
worth 3 loads of wheal, and 8 loads of wheal worth 13 loads of barley; 
how many loads of barley must be given for 340 oxen? 

3. Required the relation between the metre and the Rhineland foot, 
supposing the metre equal to 39*57 r inches, and that 37 English feet are 
equal to 36 Rhineland feet. 

б. Suppose 10 lbs. of London equal 1 1 lbs. of Rome, and 26 marks of 
Spain equal 16 lbs. of London, what is the ratio between the Roman ]ioimd 
and the Spanish mark? 

7. 1 lb. of standard silver, of which 221 parts out of 140 are pure, 
is coined into 66 shillings : what weight of pure silver is there in 20 
shillings? 

3 . If 40 lbs. of standard gold, of which it parts out of 1 2 are fine, be 
coined into 1869 sovereigns; how many grains of pure gold are there in i 
sovereign ? 

9. If too francs are equal in value to 27 thalers, and 33 thalers are 
equal to how many francs and centimes are equal to £1 ? 

10. How many pounds of tea at u. 4^/. a lb. must be given in ex- 
change for 1 tons 3 cwls. of sugar at £}. 7. 6 per cwt.? 

ij. The stadium contained 600 Greek feet; and the Roman mile con- 
tained 1000 paces of 3 Roman feet each : 24 Creek feet were equal t« 25 
Roman feet, and 12 Roman miles to 11 English miles: find the length oF 
the stadium in yards. 

12. A sovereign standard gold weighs y 1 36 dwls., a shilling standard 
silver weighs A of a pound Troy: what weight of standard silver is equal 
in value to 4 or. of standard gold? 

13. If 22 or- of fine gold make 24 oz. of standard gold, and the Mint 
gives 1869 sovereigns for 40 lbs. of standard gold, how many sovereigns 
ought to be given for 67 lbs. 10 oz. of fine gold ? 

14. The Cologne mark of fine silver weighs 3609 grains : find its value 
when 37 oz. of fine silver make 40 oz. of English standard silver, and 1 oz. 
of standard silver i$ worth y. 1 y, 
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1 5. From a Cologne mark of fine silver weighing 3609 grains are 
coined 14 thalers; find the value of a (hater, when an ounce of English 
standard silver, of which 37 parts out of 40 |re fine, is worth 51. i§</. 

ifi- If 47i South German florins, which are T * 5 fine, weigh 500 
grammes, and a kilogramme be equal to 15432 grains; what is the value 
of this florin in English money when standard silver fine is worth 

V- I [XT 07.. ? 

17. If 1,1 b. of standard silver, of which 37 parts out of 40 are fine, he 
worth 66/., find the value of an Arcutt Rupee weighing 7 dwts. 9 grs., of 
which 941 parts out of 1000 are fine. 

18. If 1 lb. of standard gold, of which 11 parts out of 11 are fine gold, 
lie worth ^46. 14, 6, find the value of 593 gold rupees of Bombay, each 
weighing 7 dwts. 10$ grains, of which 187 parts arc fine gold and 13 alloy. 

19. The length of the minute hand of the clock of the Palace at West- 
minster is 11 feet : what distance will the end of it travel Lhrough in a year 
of 363} days, if 7 times the circumference of a circle he 12 times its 
diameter? 

10. The distance from Paris to Lyons by railway is ‘06 kilometres and 
the first-class fare is jti ft. 80 c. ; find the rate per mile in pence, &c- sup- 
posing 5 francs to be equal to 4/. and 8 kilometres to be equal to 5 miles. 

it. The distance by rail from Turin to Venice is 433 kilometres and 
the first-class fare is 51 lire 45 centimes; find at the same rate, in English 
money, the fare from London to Edinburgh a distance of 401 miles; 
reckoning 5 lire equal to ft. and 8 kilometres to 5 miles. 

12. The distance by railway from London to Bristol is 118 miles, and 
the fare 10 s. io,i. ; find at the same rate the fare in florins and cents from 
Innsbruck to Verona a distance of 3 r ‘f German miles, when 117 English 
miles equal 15 German and ios. equal 12 fl. 30 cent. 

13. When cloth is sold at 15;. a yani, what is the corresponding 
price in francs and centimes per metre; a metre being equal to 39*371 
inches and £1 to 35 fr. ( 

14. When wheat is sold at ti fr. 50 c. the hectolitre ; find the price per 
bushel in English money, supposing the hectolitre equal to 22 gallons and 
25 fr. toe. equal to^i. 

15. The rent of a farm of 45 hectares 75 centiarus is 3695 francs; find 
in Engtish money the rent of 87 acres 3 r. 33 p. at the same rate; supposing 
too hectares equal to 147 acres, and 25 francs equal to £1. 
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PROPORTIONAL PARTS. PARTNERSHIP. 

301. To divide a given, quantity into proportional Parts 
is to divide it into parts which shall have the same ratio to each 
other that certain given numbers have. 

For example— Divide ^735 among A, B , C, and I), so that their 
shares may be proportional to the numbers 3, 5, 7, and 9. 

Now 3 + 5 + 7+9-24: if therefore we divide the given quantity 
into 24 equal parts, and give 3 of these equal parts to A t 5 to B, 
7 to C, and 9 to O, we shall have given away the whole quantity, 
and the shares of A, />, C, and D will be respectively 

*35 £21 im x7i and 

24 J 24 24 24 y ' 

and will therefore be as 3 : 5 : 7 : 9 (188). 

302. If the given numbers are fractions we may follow the 
same method j but it will be more convenient to find integral 
numbers proportional to the given numbers. For example, 

Divide ^735 among A, B and C, so that their shares may he 
proportional to tj, and 3j. 

Now 1 A : 2* : 3} ^ ^ ^ 

* 4 2 3 4 

= 18 : 32 : 45 - (188; 

llul 18 + 32 + 45-95 : therefore 

A's share = x 18, and x4< 

95 95 95 5 

303. We have then the following Rule 

Divide the given quantity by the sum of the given numbers 
expressing the ratios of the parts ; multiply the quotient by each 
of these numbers , and the products will give the parts required. 

Ex. 1. Divide 837 into three parts proportional to the numbers 
5» 9 and 13. 
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*nd part- x 9 —31 xj=a; 


3rd P art= ”~ x J 3 = 3 ‘ * l 3 = 4 ° 3 * 

Ex. 2. Divide ,£392. 10 among three persons so that their 
shares may be to each other in the ratio of ^ ^ . 

1 . J. . , JL = ? . 3 . 4. 

*i H ' 3 * 3 * * * 15 

=80 : 45 : 32. 

But 80+45 + 32 = 157; 

rst person’s share =^ 2 ?’ 10 x 80=^- x 8 oj=j£ioo; 


ss j^X4j»/in. ioj 
“^X32=^8a 


Ex. 3. Divide ^28. 17. 6 among A , B, and C so that B*s 
share may be half as much again as A% and C’s share one-third 
,as much again as both /?’s and E s. 

Half as much again of a quantity is the quantity and half the quantity, 
or - of the quantity. In like, one-third as much again of a quantity is 


lt\ shares - of A' s share, 

2 

and A ' s share and P’s share- - of >t’s share, 


& C’s share =- of - of A's shares — of A's, share, 


«\ A’s share : ^’s : C’s= 1 ; 
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But 6+9+10=35; 

AT* share x 6=^23 x 6= ifo. 6 J. x 6=^4. la. 0, 

35 4» 

j?s ss = 16/. &/. X9 =j£j. 8. 6, 

and C’s = - 16 r. 61/. x io=j£ j6. 10. 0. 


Ex. 4. Divide rooo guineas among A, ft, C and D so that A ' s 
share may be to 2Ts as 2 : 3, jTs share to Cs as 4 : 5, and C's to 
& s as 6 : 7. 

A's share : £'& = i : 3-16 : 14, (188) 

P’s : C’s =4 : t = i+ : 30, 

C’s s Z>'s=6 : 7-jo : 35; 

A’a : P's : C’s i 16 : 14 : 30 : 35. 

Bui id + 14 + 30+35 -roj, 

A’s share=~^‘° x i<*=^i6o; ic. 

Ex. 5. /15 is to be given to 12 men, lo women and 18 boys, 
in such a way that a woman is to receive half as much again as 
a boy, and a man as much as a woman and boy together : what do 
the men receive? 

10 women receive as much as 15 boys, 
and 1 2 men receive as much as 1 2 women and 11 Ixjys, 
ax 1 8 boys ..... 
as 30 buys ; 

men's share : women’s : boys’=3© : 1$ : j8 — so : 5 : 6. 

But hm-$ + 6 = jj; 

, , £lS rS -40 , 

men s share = -™ x 10=4:* i0 ~£\ -47- *• fO^f, 

Ex. 6. Three districts are to provide according to their popu- 
lation a contingent of 182 men. The population of the first dis* 
trict is 2456, of the second 735, and of the third 4361 : find as 
exactly as possible the number of men to be provided by each 
district. 
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1456 

7.45 

43&i 

755* 


„•. First district’s share = x 2456=59*18, 


Second . 
Third . 


x 4361 = 105 09. 


Hut 59 + 17+105-181 only; therefore we have novr to find which dis- 
trict must provide another man. The absolute increase in providing another 
man by eaoh district is 

*Ri ; *79; 91; 

Hui the relative increase is 


'Hr t '19 . 31 

* 4 .^ ' 735 ’ 43^1 ’ 

or ‘Ojj; -039; *0:08; 

that is, the relative increase is least when die additional man is provided by 
the third district ; and therefore the men to be provided by each district 
respectively are 59, 17 and 106. 


PARTNERSHIP. 

304. Partnership or Fellowship is a direct application of 
the Rule of Proportional Parts. 

Partnership is cither Simple or Compound. It is Simple, when 
the capital of each partner has been subscribed for the same time : 
for then it is understood that the gain or loss arising from the 
partnership shall be divided among the partners in proportion to 
th# capital subscribed by each of them. It is Compound, when 
the capital of each partner has not been subscribed for the same 
time: for then it is understood that the gain or loss arising from 
the partnership shall be divided among the partners not only in 
proportion to the capital subscribed by each, but also to the time 
for which it has been subscribed. 

. Ex. 7. A, B, C and D form a partnership ; A subscribes £350, 
B £420, C /240 and D £600. At the end of 9 months they dis- 
solve, and share the profits, amounting to ^364, ro. 3: what will 
be the share of each ? 
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The capital employed to realise the profit is 

/3JO+ jft«> f j£’4 »+ ^600=^1610, 
and of this capital A contributes /350 ; 

A's share of the profits - - - ^ x 350 


Similarly B'z share 


= £l9 4- lo l iS 
£364. 1 0. 3 
1610 




Ex. 8. A and Center into partnership with a capital of £$000, 
of which A contributes ^3300, and B the remainder. At the end 
of 3 months they admit C with a capital of ^1500, the next month 
they admit D with a capital of / 1950. Their profits at the end of 
the year amount to /1729. 13. 9;— how much will each of the 
partners receive? 

A has had /3300 in the partnership for ti months, which is to be con- 
sidered as equal lo /3300 x 1 % for 1 me nth. In like manner B'i capital is 
lo I* considered as equal to £ 1700 x jj for 1 month; C”s as equal to 
£1 too x 9 for 1 moQth ; and D ' s as equal to ^1950 x 8 for 1 month. 

These equivalent capitals are for the smu time, and therefore the division 
of profits will be in proportion to these several capitals only. 

The work may be arranged thus 

£. £. 

3300 x n = 391*00 A\ equivalent capital. 

1 700 x n - 10400 B't 

1 <oox 

I950X jjaiyfioo/J’s 

89IOO 

. \ A '» share = - ^ x 39600 a £-/A 1 j. 0 ; 

ffn share X *0400 =Ac. 

89100 

Ex. 9. A and B engage in trade, their capitals being in the 
ratio of 7 : 1 1. At the end of 3 months A withdraws } of his 
capital, and a month afterwards B adds twice as much as A has 
withdrawn. How should a profit of ^337, 7. 6 be divided at 
the end of the year ? 
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If we represent A's capital by 7, B’s will be represented by n : the unit 
being a matter of indifference. At the end 0/ 3 months A withdraws a|, 
and therefore has remaining * | for 9 montl^ ; and at the end of 4 months 
B adds a x a j or 4 $, and therefore has invested 15! for the next 8 month*. 
Proceeding as in the last Example:— 

Jxo:= 7 \ i ~ ^3 A's equivalent capital, 


11 *4 = 44 1 
lylxUaiajI) 


= 1 fH)\ ffs 


and 


ipl 3 * C97 

=/ 9 r - 9 - 7?’988 
=^91. 9. 8 very nearly; 
B's share =/*45-i7. 10 . . . 


Exercise 50. 

1. Divide 38561 into parts proportional to 1, r, 4, 7; and also into 
parts proportional to A* J, J, f 

1. Divide 151*3 into parts which have the same ratio to one another as 

1> i> A. Ai A- 

3. A, fl and C contribute respectively to an undertaking £96, £175 
hud /3R4, and (Iwy gain /119. tor- how shall this gain lie divided 
lxrtvreen (hem ? 

4. Copper coins are enmpsed of 95 parts copper 4 tin and 1 zinc, 
Wjiat weight of each metal would Ire required to coin copper coins of the 
value of £\ 000? 3 pennies weigh 1 n. Av. 

5. In England gunpowder is compounded of 75 parts nitre jo sulphur 
and 15 charcoal; in Fiance of 77 parts nitre 9 sulphur and 14 charcoal: 
if a Ion of each gunpowder he mixed, what weight of each ingredient will 
there be in the mixture? 

6. Sugar is composed of 49-856 parts oxygen, 41-165 carbon and 6-879 
hydrogen : how many lbs, of each of these materials is there in II cwts. 
iqrs, n lbs. of sugar? 

7. A certain kind of brass is compounded of 315 parts copier 165 line 
8 lead and a tin; what weight of each inetal is there in 43 kilog. 850 gr. 
of this brass? 
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8. Diride £593. 8. 6 into three parts which shall be to one another as 
: J'-ta : 5‘^ 

9. A person in his will directed that £ of his property should be given 
to A, { to /?, J to C , and | to D\ shew that this disposition cannot be 
carried out. If his property amount to £471. 11. 6, dispose of it so that 
their shares may have to one another the relation he intended. 

ro. Divide a sovereign between A, B, and C, so that B may have one- 
third as much again as A, and C one-fourth as much again as B \— and 
again, so that B may have one-fourth as much again as A, and C may have 
two-thirds uf what A and ft have together. 

1 1. The sum of £318. 3. is to be divided between A, Jt, C and D 
in such a way that for every £3 given to A, B is to receive £5, C £8, and 
D £9. What sum did each receive? 

11. A, B and C hid each a cash, of whiskey containing respectively 36, 
54 and 78 gallons. They blended their whiskeys and then refilled their 
casks from the mixture: how much of the whiskeys of A and B are con- 
tained in C’s cask? 

13. Four merchants A, B, C and D trading with a capital of £23800, 
find after a certain time their respective shares increased by £16. 11. 8, 
£37 . 4, 4, £53. 3. 4 and £63. 16s. How much did they respectively 
subscribe to the original capital ? 

14- A and B hold a pasture in common for which they pay £13. tor., 
A puts in 13 horses for 27 days, and B 1 1 horses for 39 days ; how much 
ought each to pay of the rent? , 

jj, B and J become partners, B bringing £500 and J £300- At the 
end of 4 months B doubles his capital and a new' partner R is introduced 
who brings £330; and at the end of 6 months J trebles his capital. Jhc 
year ’5 profits amount to £730: how ought it to be divided between them ? 

16. A starts business with a capital of £240 on the morning of 19th 
March, and on the 16th July admits a partner B with a capital of £180. 
The profits at the end of the year amount to £94. 8j. : what is each person’s 
share of them? 

17. A and B enter into partnership with capitals as 4 : 3. At the end 
of 3 months they withdraw respectively J and } of their capitals. When 
the year doses they find their profit to be £436. 9. 6 : how must it be 
divided between them? 

- iB. A debt of £34. 15. 10 is paid in crowns, shillings, and pence, 
whose numbers are as 4 : 7 : 10, Find the number of each coin. 
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19. A and B rent a field for 11 guineas. A puts in 10 horses for \\ 
months, 30 oxen for 2 months and too sheep for 33 months; B 40 horses 
for ij months, jo oxen for ij months and 115 sheep for 3 months. If the 
food consumed in the same time by a horstf an ox and a sheep be in the 
ratio 3:2:1, what portion of the rent must each pay? 

10. The sum nf ^765 is to he divided l.ietween 10 men 32 women and 
48 children : if each man's share is to be equal to the share of 2 women, 
and the 32 women are to have twice as much as the 4$ children, how much 
wiil each woman receive? 

11. The sum of ^177 is to be divided among 15 men 20 women and 
30 children in such a manner that a man and a child together may receive 
as much as 5 women, and all the w'omcn together may receive j£ 6 o- 
What will a man and a child receive? 

ij. Divide i3cwt. r qr. 9 llvs. into two parts which shall be to each 
other as 11} cu. feet is to 3f cu. yards. 


it. The sum of three fractions is — ; and 21 times 
J 242 


the first, 23 times 


24. Divide 31 gall. 3 qts. ij pt. into four measures, so that the first 
shall be to the second as 9 to 14, the second to the third as 21 to ij, and 


the third to the fourth as 20 to 33. 


25. t lb. of tea, of coflee, and of sugar together cost 5*. 8W.: find the 
price of each having given that 7 lbs. of tea cost as much as tfi lbs. of 
codec, and j lbs. of coffee as much as 1 1 lbs. of sugar. 


26. The total amount paid in wages to 6 men 8 youths and 1 1 women 
is £2 3. qr. How much docs each person receive, when for every half- 
crown earned by a man a woman earns ir, 9* A, and for every shilling 


earned by a youth a woman earns lojrf.? 


17, Find the three highest integral numbers whose sum is under a 
million, so that the first may be tu the second as } yds, % ft. 5 in. is to 
3 cwt. 3 qrs. n lbs. 

5 yds. 3 qrs. 2) nls. and the second may be equal to ^ cwt< a 
of the third. 


28. A rents a house for a year for £93. nr., and at the end of 4 
months takes in B as a co-tenant, and they admit C in like manner for the 
last ifc months : what portion of the rent must each of Ihem pay? 

29. Five cantons are to furnish a contingent of 100 men according to 
their population. The population of the first canton is 28300, of the 
second 23750, of the third 16432, of the fourth 8454, and of the fifth 
23648. Find with the greatest exactness the number to be furnished by 
each canton. 
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ALLIGATION. 

305. Alligation, or th^mixing of things of the same kind, but 
of different qualities, may be considered under the following 
cases 

Case 1 . When the quantity, and price, ol each of ihe things 
composing the mixture are given, to find the price of the mixture. 

Case II. When the price of each of the things which are to 
compose the mixture is given, to find what quantity must be taken 
of each, in order that the mixture may be of a given price. 

306. Case I. This case is equivalent to finding an average or 
mean price (255, ii., vii.). We multiply the number of each quan- 
tity expressed in the same denomination by its price^ and divide 
the sum of these products by the sum of the numbers. 

Ex. A wane merchant blends 60 gallons of sherry at 24*. a 
gallon, 50 gallons at 26 1. a gallon, and 70 gallons at 32r. a gallon: 
find the price of a gallon of the mixture. 

do gallons at 747. a gallon = 14.40 
jo „ n 6 s. ,, =1300 

70 11 jw. i, =1740 

/. 180 gallons of the mixture- 4980 

and.', 1 gallon of the mixture = 

1B0 3 

=17;. fW, 

307. Case II. We shall first suppose that only two kinds enfer 
into the mixture, and from the result we shall shew how a solution 
can easily be obtained when three or more kinds enter. 

Ex. I. How must a grocer mix tea at 2J. 4 d. a lb. and is. I id. 
a lb. to make a mixture worth 2s. Sd, a lb. ? 

In making the mixture at is. &/. a lb. 

1 lb. at if. 4 d. brings a gain of 4 d. 

and t lb. at ir. 1 1 d. „ loss of 3 d. 

In order therefore that the gain in using the former may be equal to the 

k m in wing the latter, for every 3 lbs. of the former wc must take 4 lb*, of 
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the latter, for theft the gain would be 3 x \d. and the loss 4 x 312’* We 
must therefore take the quantities in the ratio of 3 and 4; that is, in the 
inverse ratio of the differences of the two prices and the mean price. 

Ex, z, How must a grocer mix teas at 2 s. 3 d., 21. yd., and 
2s. jo <L a lb., to make a mixture worth is. 6 /L a lb.? 

30 1 +4 fos. it v. yi, 

3 3 v 13 if ¥ 

34 / 3 •• tt.tod. 

For convenience, arrange the prices under one another in order, and 
write the mean price on the left. Now one of the given prices is under 
the mean price, and the other two above it: we can therefore by the last 
Example mix teas at the first price and the second price, and at the first 
price and the third price, so as to get mixtures at the mean price: and the 
sum of these mixtures will give a mixture of all three at the mean price. 

Hut in mixing at the first and second price we most take 1 lb. of the 
first and 3 lbs. of the second, and in mixing at Ihe first and third price we 
must take 4 lbs. of the first and 3 lbs. of the third, hence mixing at all 
three prices wc must take 

j lbs. of the first, 3 lbs. of the second, and 3 lbs. of the third} 
or any equimultiples of these quantities. 

Ex. 3. How must a grocer mix teas at 2/. 6 d., 2s. yd., y. id. and 
31. 44/. a lb., to form a mixture worth 2 s. 10 d a lb.? 


30 "N 

3 lbs. at V. f»i. 

30 \ 6 lbs 

at if. 6d. 

33 > 

6 „ is. <yt. 

n UM1 

» «. ¥■ 

llj 

4 y- 1* 

M J h 

„ y. id 

40 / 

' l „ ir. 4 ^ 

</>/ * 

y-¥' 


Arranging as before, we sec that there are two prices under the man 
price and two above it hence we can mix tea at either of the former 
prices with tea at either of the latter prices so as to get a mixture at the 
mean price, and this is usually expressed by saying link a price under the 
mean, with one above it. Now Unking the first and third, we must take 
3 lbs. of the first and 4 lbs. of the third : and linking the second and 
fourth we must take 6 lbs. of the second and I lb. of the fourth :-or, 
linking the first and fourth, and the second and third, we must take 6 lbs. 
of the first, 4 lbs. of the fourth, 3 lbs. of the second and r lb, of ihe third: 
and these sets of quantities, and their equimultiples, will give the mixture 
required. 
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-$&. We deduce then the following Rule 

Write the given prices under one another in order , and to the 
left write the mean price. Link all the prices, so that one under 
and 1 me above the mean price shall always go together: and put 
against each price the difference between the price with which it is 
linked and the mean price; — these differences , or any equimulti- 
ples of them, will give the quantities required. 

Remark, It is from this process of linking that 'the name 
Alligation is derived. 

309, Sometimes it is required to make the mixture, so that there 
shall be a given quantity of one kind : — Thus in Ex. 3 suppose 
everything else the same, but that we must take 20 lbs. of the tea 
at is. &/. Now the first solution shews that a mixture can be made 
at the required price, by taking the following quantities in order, or 
any equimultiples of them — 

3 lbs., 6 lbs., 4 lbs., fib. 
multiplying then each of them by we get 

20 lbs., 40 lbs., 26? lbs. 63 lbs. 

Sometimes, again, the quantity to be contained in the whole mix- 
ture is given : thus in Ex. 3, suppose everything else the same, but 
that the whole mixture must weigh 20 lbs. Now the first solution 
gives a whole mixture of i4lbs.: if therefore we multiply each of 
the quantities composing it by j} ur tfi, their sum will be 20 lbs. 

Exercise $i. 

f. A grocer mixes 47 lbs. of tea at is. rj,/. a lb., 13 liis. at is. 4 d. a lb., 
and 20 lbs. at is. io^d. a lb., what is the price of 1 lb. of the mixture? 
If he bad also added 8 lbs. of sloc-leavcs at 3^1/. a lh., what then would 
be the price? 

1. A goldsmith melts together 17 02. of standard gold <21.), J9<w. of 
gold 15 carats fine, 10 to. i8J carats fine, and 3I or, of copper : what is the 
fineness of the mixture? Pure gold is 14 carats tint; kaut standard gold 
is 13 carats fne. 

3* A flker buys wheat at 3 jr. per quarter and some of a superior 
quality at bSTper bushel : in what proportion muse he mix the two so as to 
sell the mixture at 4 6;. per quarter? 
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4 . A person wishes lo melt equal quantities of gold 943 and 817 milliemes 
fine, with alloy, so as to get a gold 467 milliemes fine; what quantities of 
each must he take? 943 millimts fint means that 943 parts out of 1000 
are first, 

5. A person buys some tea at 6j. per lb. and some at +f. per lb. In 
what proportion must he mix them so that by selling his tea at 5;. yf. per 
lb., one-sixth of his receipts may be clear profit? 

6. Mix spirit at 8r. , wine at 7 s. and cider at ir. a gallon with water, so 
that the mixture may be worth 5?. a gallon. 

7. It is required to mix teas at is. 10 \d., is. (id., and ir. id. a lb., with 
sloe-leaves at 3 /. a lb., so that the mixture being sold at u. tod. a lb., one- 
fourth of the receipts m$y be clear profit. 

8. How much gold at y. per or.., silver at 51. an or. and copper 
considered as of no value comparatively, may be melted together that the 
compound may tic worth £1. 151. per 01.? 

9. We wish to mix wines at 35 c. and at 55 c. the litre to form a mix- 
ture at 41 c. the litre: how much of the .second wine must we take for 181 
litres of the first? How much must we take of each kind to have a mixture 
of 640 litres? 

to. A grocer having four sorts of tea at ir. yd., is., is. 6d. and is yd. 
a lb. would have a mixture of 8t lbs. at 2 s. 4 d. a lb. What quantity must 
he take of each sort ? 

1 1. A person bought 80 llw. of sugar of two different sorts for ^r. 5. 4. 
The better sort cost 5,/, per lb., and the worse 3^. per lb. Find how many 
lbs. there were of each sort. 

. is. A greengrocer sells potatoes at is. 8//. . is. \\d. and 3f. 3<f. a 
bushel : what quantities of each kind must he sell that the average price 
obtained shall be y. a bushel? 

13. What quantities of coffee at is. ~kJ. a lb. and of chicory at sji/. a lb. 
must a person take lo make a mixture of 33 lbs. worth tx. i\d. a lb-? 

14. The specific gravity of lead is H'314, of cork '14 and of fir '45 : 
how much cork must be added to 60 Il»s. of lead that the united mass nuy 
weigh os much as an equal bulk of fir ? 

13. A silversmith gave ^8. 10. 10 for 16 lbs. 801. of sihrer, giving 
jr. 311 oz. for one part and 4 s. 4 for the rest : how many oz. of each 
kind did he buy? 

16. The price of gold is £$. 17. to£ per oz.; a composition of gold and 
silver weighing 18 lbs. is worth 7s., but if the proportion of gold 
and silver were interchanged it would be worth only jpFind the 
proportion of gold and silver in the composition, and the price of silver 
per oz, 

B.-S.A I? 



CHAPTER XIII. 

PER-CENTACE. 

31a Per CESIUM or PER CENT, mean^for a hundred: thus, 

5 per cent, means 5 for a hundred. 

311. Public companies, hankers, merchants, &c., regulate their 
transactions, and calculate their profits and losses with reference 
to too as a standard. In this way they can readily accommodate 
their dealings to the varying circumstances connected with them, 
and at once compare the results of their several undertakings. 

Thus, suppose a company with a capital of £50000 makes a 
profit of £4125, and another with a capital of £32500 makes a 
profit of £2637. jar., it is not easy to see which of the two is the 
more prosperous; but reducing them to a common standard of 
£100* the profit of the first is £S| and of the second £7$. 

312. Tables recording the increase or decrease of population, 
the number of persons engaged in trade, agriculture, under educa- 
tion, &c. are for the same reason constructed with reference to 100. 

Suppose the population of a town has increased during the 'last 
10 years from 34575 to 37341 ; the increase is 2766 on 34575, or 
8 on 100, or 8 per cent. 

313. Again, when a quantity is made up of several parts, it is 
usual to consider the whole quantity as composed of 100 units (of 
weight, measure, value, &c.), and then each of the parts will con- 
tain a certain number of these units ; that is, a certain per cent of 
the giviftfluantity. Thus, 1 j per cent, of gunpowder is charcoal ; 
that iSjlra mass of gunpowder contain too units of weight, 15 of 

i^jjpe units, when the mass is decomposed, will be charcoal 
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5 3*4* 

314. The 100 wc refer to may be ^ioo, 100 persons, ioo oz.,&c. 
and the number giving the per cent, is so many units of the same 
kind; but since 

liQO \ - too persons : 5 persons = ioo oz. ; 5 oz,, 

= 100 : 5, 

we usually consider the too as an abstract number, and there- 
fore the number giving the per cent, will also be an abstract 
number ;'but if necessary we can at once pass to any corresponding 
concrete numbers. 

315. Every question in I'er-Centage can be readily solved by 
Rule of Three, and the rules given below can be immediately de- 
duced from the Rule of Three statement. 

316. Case I . To find t he value of a given per cent, of a given 
quantity. 

5 per cent, of a quantity means 5 parts for a hundred of the 

quantity, and is therefore equal to — of the quantity. In like 

manner 7 per cent, pr 12 per cent, of a quantity is — or— of the 
r 1 J IOO IOO 

quantity. Hence we have this Rule (128), — 

Multiply the quantity by the number expressing the rate per 
» cent, and divide by 100. 

Ex. 1. A rent collector receives ^365, 17, 6, and he retains 
3! per cent, for his trouble : how much does his per centage 
amount to? 

C * d. £. 


136S • '7 • • 

$ 

[4097 .13.6 
68i . 18 . 9 

1365 875 

3 

1+ 09 7 '635 
i 1 «3’9375 

47,80 .n .3 

47 ‘ 8 <>s 6*5 

10 

=;C47- r6. ij. 

16,11 


ii 


U 5 


4 


1,40 

. Pcr-Centage=^47. iff 


17—2 
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Ex. 2, How many persons are engaged in agriculture, when 
they constitute 57 per cent, of a population of 6457312? 

No * rc<!d 100 * 6 + s; 3,1 = *° 977 -# 3 *o+ - *097745- 


317. Case II. To find hmv murk per cent, one quantity is of 
another quantity. 

For example,— How much per cent, is 19 parts out of 45? that 
is, how many parts must be taken out of loo, when 19 are taken 
out of 45 ? hence 


45 : >9= f oo : per cent, reqd; 

per cent. reqd= -9 x 100. 

45 

Again,— What percent, will a profit of £4375 give on a capital 
of/50000? that is, what will be the profit on 100 when ^4375 is 
the profit on/ 50000? hence 

/foooo : / 43”5 ioo : per cent, reqd ; 

tier cent. reads x ioo. 

1 .50000 

We may therefore adopt this Rule, — Find what fraction the first 


quantity is of the second, and multiply by 100. 


Ex. 3 How much per cent, is 9 d. in the pound? 

Since /1 = 14<X/. ; 


per cent, reqd - ~L x too--. 3}. 


Ex. 4. The population of a town has increased during the last 
10 years from 38851 to 44565 : find the increase per cent. 

Since 44565- 3^5 « = 57 >4i 'here is an increase of 5714 persons on 
38851 persons; 


3«Sji ) ?7i«oo( 1470; 


= 14707... 


318, Case HI, The per-centage on a quantity being given 
and the raU per cent., to find the quantity. 
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Suppose the rate per cent, to be 4$; that is, suppose the per-’ 
centage on too to be 4J, then 

4? : 100 given per-centag£ : quantity reqd ; 


quantity reqd ~ ^ x given pcr-centage. 

Hence this Rule, -Divide 100 by the rale percent., and multiply 
the quotient by the given per-centaye. 

Ex. 5^ The profits of a Company during the past year amount to 
£2457. 1 1. 3, which will just allow of a dividend of 3| per cent. ; 
find the amount of the Company’s capital. 

Since the dividend is equal to per cent, of the capital, 


Company’s capital =<£14571* x - 
~£ 


.303*1 „ +00 
15 

=£65535. 


Exercise 52. 

1. How much is uj per cent, on £568, 6. 8? and how much is if per 
cent, on the result? 

1. Find j per cent, on £6ti. 13, 9; and from the result deduce 4! per 
cent, on the same sum. 

3. The population of York in 1861 was 40433, and it increased S 31 
percent, between 1861 and 1871 ; find the population in 1871. 

4. The population of the City of London decreased 33' 11 per cent. 
bAween 1861 and 1871 : in 1861 it was 113387; find whal it was in 1871. 

5. The population of Huddersfield increased id'43 per cent, between 
1 86 r and 1871; in 1871 it was 70153, find what it was in 1861. 

6 . The population of a town increased 35 per cent, between 1851 and 
i8$r, and ig per cent, between 1861 and 1871; the population in 1871 
was 93177, find the population in 1851. 

7. A bought goods to the value of £345, 1 5 r. and sold them to B at a 
gain of 1 5 per cent, on his outlay, and D sold them to C at a loss of 15 per 
cent, on his outlay; how much did C give for them? 

8. A sells goods to B at a gain of 11$ per cent., and B sells the same 
goods to Cat a gain of 7$ per cent.: C gave £163, 7. 6 for the goods, how 
much did A give for them? 
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. 9. How much per cent, is I part out of 8} j parts out of 14^1 37 of 
75 ; 43 i°f , * 3 ; of 4655? 

10. What rate percent, is equivalent to 6(/ in the^i ; y. lofi. in the 
C 1 i j£»* 16* 8 in j£i 4 . j. 10; jfo 4 . ty. 9J in £607, 1. tlj? 

11. How much in the £\ is 5 percent., is per cent., is 41} per 
Cent.? 

it. The population of the United Kingdom on 3 April, 18; j, wasmade 


up as follows 

England and Wales , 11704108 

Scotland 3358613 

Ireland $409759 

Isle of Man and Channel Islands '444.10 

Army, Navy, and Seamen abroad 107198 


find what per cent, each of these parts is of the whole United Kingdom. 

13. The population of England and Wales in 1801 was 8891536, in 
1811 was 1 3000136, in 1851 was 17917609, and in 1871 was 11704108; 
find the increase per cent, between each of these periods, and also between 
the first period and last. 

14. The population of Ireland in 1851 was 6551970, in 1861 was 
5764543, and in 1871 was 5401759: find the decrease per cent, for each 
decennial period. 

15. In 1871 the population of Scotland was 33586 r 3, and the number 
of males was 1601633; find what per cent, the females are of the whole 1 
population, and what per cent, the males are of the females. 

16. If a tradesman's pound weight is 13 drams too light, find his gain 

per cent from this source alone. 1 

17. With t7cwtg. 3 qrs. 19UW. of nitre, 3cwts. iqrs, 15 lbs. of charcoal, 
and 1 cwts. 1 qr. 7 lbs. of sulphur a mass of gunpowder is made ; what per 
cent, of each ingredient enters into the composition of the gunpowder? 

18. 1 lb. of standard silver is coined into 66 shillings; find the profit 
per cent- when standard silver is worth 51. oj</, per or. 

19. Find the value of the goods imported when an ad valorm duty of 
B| per cent produces £3863. 1. 6. 

so. The population of a town has increased by 5455 persons between 
1.86 1 and 1871, and this increase 1* 9*68.. percent. of the population in 
; find the population in 1871, 
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Ex. 54. 

ir. A deduction is made for a debt of £1373, 6. 8, and £ r 308. v..is 
accepted in discharge of it: at what rate per cent, is the deduction made? 

». If a debt after a deduction of 3 percent, becomes £310. 3. 4, what 
would it have hecnme if a deduction of 4 per cent, had been made? 

33. A person buys a farm of 150 acres for £4614, and after repairing 
the buildings lets it at yx. an acre, thereby getting a return of 4^ per cent, 
for his money: how jnuch did he expend on repairs? 

34. A Jjuilder buys half an acre of land at iw. a square yard, and 
builds a house upon it at a further cost of £1004. w, : what rent per annum 
must he obtain to realize 9 per cent, on his outlay? 

15. After deducting a charge of 8$ per cent, on a certain sum, and then 
a charge of 6} per cent, on the remainder, the result is £310. $s. Required 
the original sum . 

36. A person derives an income of £364. to s, from a sum of money put 
out at 4$ percent.: what is his capital, and what diminution of it would 
make the same reduction of income as an income-tax of 5 d. in the pound? 

1;. What must he the gross produce of an estate that after paying a 
toper cent, income-tax, and a rate of w. i\d. in the £1 on the residue, 
there may remain £3574 per annum? 

38. On} of the profits of a Joint-Stock Company m ( d. in the £1 is paid 
for income-tax; and out of Ihe remainder the manager takes 3$ per cent, 
for his salary. His salary amounts to ^436. 17. 6; find the gross profits 
of the Company. 

39. A man allows his agent 5 per cent, on his gross income for 
* collecting his rents, lie spends one-seventh of his net income in insuring 

his life, and this part is exempted from income-tax. His income-tax, 
which is laid at 1 od. in the £1, amounts to £38. 19 find his gross 
iycoine. 

30. The capital of a Company is £64875, and the profits of the year 
amount to £5143. 11. B; find to the nearest quarter the highest dividend 
that can be paid, and how much will be carried forward. 

31. A wine which contains per cent, of spirit is frozen, and the ice 
which contains no spirit being removed, the proportion of spirit in the wine 
is increased to 8J per cent. How much water in the shape of ice was 
removed from 504 gallons of the original wine? 

31. The stuff out of a lead-mine contains at first 15*9 per cent, of lead. 
After washing, by which process the amount of lead ore is not diminished, 
Ihe stuff contains 8 7 '45 P« cent, of Lead. How much rock was washed 
away out of 2 16 tons 5 cwts. of the original stuff? 
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II. COMMISSION, BROKERAGE, INSURANCE. 

319. Commission is thc^charge made by an agent for buying 
or selling goods, and is usually a per-centage on the value of the 
goods bought or sold. 

320. Bkukkkaue is the charge made by a broker for buying 
or selling Stocks, bills of exchange, ships, cargoes, goods, &C- ; and 
is usually a percentage on the full amount of the transaction. 

321. Insurance is a contract by which one party (the insurer) 
undertakes to pay a specified sum, on the happening of a particular 
event, in consideration of the other party (the insured) paying year 
by year, or once for all, a certain per-ctnlage of that sum. 

The consideration paid by the insured is called the premium, and 
the instrument containing the contract the policy. 

The ordinary kinds of insurance are tife,Jire and marine. Life 
and fire insurances are undertaken by companies; marine both by 
companies and by private persons. 

In a life insurance, the insurer undertakes to pay a sum there 
specified at the death of the person insured ; and the premium is 
usually paid year by year. 

In a fin insurance, the insurer undertakes to indemnify the in- 
sured up to the sum there specified against any loss that may occur « 
to his property by fire ; and the premium is usually paid year by year. 

It varies in amount as widely as from u. (xf- to ^5, 5*. for every 
^100 specified in the policy. < 

In a marine insurance , the insurers undertake to indemnify the 
insured up to the sum there specified against any loss that may 
occur to ship, or cargo, or freight, any or all of them, during a 
particular voyage, or for a certain period not exceeding 12 monlbs; 
and one premium only is paid. 

A marine insurance is usually undertaken by several parties, and 
each of them writes his name under or at the foot of the policy, 
and undertakes on his own account to indemnify the insured, to the 
extent of the sum set opposite to his name; and on this account 
marine insurers arc called underwriters. 
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When a man insures, so as to recover not only his property, but 
the premium and all other expenses connected with its insurance, 
it is said to be covered. 


322. DISCOUNT, without reference to time, is an allowance 
which merchants and tradesmen make to such of their customers 
as are willing to pay ready money. This allowance is usually a 
per-centage on the amount of the account 

323. Since Commission, Brokerage,... is a per-centage on a 
given sum of money, to find its amount (316) — 

We multiply Ike sum by Ike number expressing Ike rale per cent, 
and divide by 100. 


Ex. i. An agent sells goods to the value of ,£583. 10&, on which 
he receives a commission of 3| per cent. : how much does his com- 
mission amount to? 


£ 

5»3 • 10 • 


* 33 + • 
i I <45 


. 4 -i 
. o 
. 6 

. 6 


i 


£ 

5 » 3*5 


13340 
i »+3875 
31-88115=^11. 



17,61 

u , His commission is £11. 17. y|. 


7 , 5 <> 


Ex. 2. A person at the age of 36 insures his life for ^3*25 at 
the rate of £ 2 . 15. 9 for every j£too: hod the premium that must 


be £aid year by year. 
£ 



3"5 


6150 

10;. 4 

1 1561 . <0 

5 '- i 

j 7«‘ • 5 , 

W-tV 

78 . 1 . 6 

id 4 

| 30 - 1-3 


87,10 . 18 . 5 


JO 


y8 

n 

1,15 


£ 

31*5 

1 

6350 

10J. $ I 1563-5 
jr. * 781-15 

fnf . ^ 78-115 

i < t - h I ji’ay s 

87-109375=^87, a. li 


.-. Yearly Premium =>^87. ?. if- 
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Ex. y A cargo is valued at /5270. 6 s . ; the premium on insu- 
rance is at the rate of 5 guineas per cent., policy duty at $s. per 
cent, and commission ft per cenL : what sum must be insured to 
cover the cargo and the expenses of insurance, and what premium 
must be paid? 

Here Premium -£$. f. 0 per cent. 

Duly = 4. 0 . . . 

» Commission = 8. 9 . . , 

/. whole expense of insurance =^5. 17. ^ ... . 

In case of loss, for every £100 received from the underwriters ^5. 17. 9 
» for expenses of insurance, and the remaining £<)+. *. 3 is for cargo: 
hence to recover both cargo and expense of insurance we mast insure / 100 
for every £94. 1. 3 of cargo: therefore 

^94. a. 3 : ;£f a;o. 6*=£ioo : sum 10 be insured. 

Also, the expenses of insurance are at the rate of ^5, rj. 9 for every 
J. 3 of cargo ; therefore 

£$4. a. 3 : /577a 6—£$< 17- 9 : expenses of insurance; 

^94. 1. 3 :£si;a. 5. o ; premium to be paid. 

LXERCiSF. 53. 

i. What does a factor receive for selling goods to the amount of 
^375. r6. 8 at a commission of ij per cent-? 

1. Find the brokerage on the purchase 0^154$. 17, 6 Consols at 
v. 6d. pet cent, » 

3. What annual premium must a person 78 years old pay on a policy of 
insurance for /4315 at the rate of £ 1 . 8, 7 per cent.? 

4- What is the ready money payment of an account amounting to 
j£ 359- '4* 9» allowing a discount of }} per cent.? 

5. A person insures his houses valued at £357© as a common insurance 
at jr. (id. per cent.; and his shops and warehouse!, valued at ^1830, as a 
hazardous insurance, at is. U. pet cent,: find the amount of his premiums. 

6. What sum must be paid to insure a cargo worth ^1585, the pre- 
mistia being 35/., policy duty If., and brokerage n- 6d. per cent, 
rwpectbely? 

; v l\ premium must be paid on the insurance of goods worth 
per cent, that in case of total loss the owner may 
"Hue of (he good* and the premium? 
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8. An agent sells goods to the value of £79653. 12. 6, on which he re- 
ceives a commission of 3I per cent., while his office and other expenses 
amount to per cent, of his commission. How much clear profit does 
he make, and how much does he remit to his* principal? 

9. A broker at the public sales buys 5 chests of indigo weighing 
18 cwts. 3 qra. 7 i lbs. nett, at jj. iod. a lb. : find the brokerage at $ per 
cent. 

to. A person at the age of 45 insures his life in each of two offices for 
£3850 ; the premiums being at the rate of £3. 19. io and £3. 14. 7 per 
cent, respectively. Find his annual payment. 

11. At what rate per cent, is discount allowed when a tradesman de- 
ducts £4. 0. 9! from a bill of £89. 15. 10? 

H, A tradesman insures his warehouse and goods for £11500; J.of 
this sum being for his warehouse and \ for his goods. The warehouse is 
insured at Hr, 6 d. and the goods at 24 f. (id. per cent.: find the amount of 
his premium. 

13. For what sum must a merchant insure a cargo worth £1517. 8- 6 
at 3$ per cent., so that in case of loss both cargo and premium may !>e 
covered l 

14. A ship worth £rj Jif is to be insured, so that its value and all the 
expenses connected with its insurance may be covered. The premium is 

guineas per cent., policy duty +J. per cent., and brokerage J per cent.; 
what is the amount of the whole expense paid on insurance? 

> 15. What sum must be paid on the insurance of a cargo of the value or 
£3457. 10. 6 so that in case of loss the cargo and ail expenses of insurance 
may be recovered? The premium is at the rate of 4$ guineas per cent., 
policy 4J. per cent., and agent’s commission | per cent. 

III. PROFIT AND LOSS. 

324. U Elder the head of PROFIT and LOSS, we estimate a profit 
or a loss not absolutely, but in relation to the cost price. If one 
article costs $s. and is sold for 6 a, and another article costs iw. 
and is sold for Itt, the absolute gain is in both cases the same, but 
relatively to the cost price the first gain is double of the second. 

325. Men of business adopt 100 as a standard cost price, and 
reduce the gain or loss on a particular cost price to the correspond- 
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inggain or loss cm 100; that is, to a gain or loss of so much per 
cent. This may be effected by the statement (291), 


Cost price : gain or loss thereon - 100 : gain or loss per cent, (Ai) 


Again, when the cost price is represented by too, the selling 
price is represented by too+gain per cent., or too- loss per cent., 
according as a gain or loss has been made, and we have the 
statement * 


Cost price : selling price too : 


1 00+ gain per cent., or 
too- loss per cent. 


(B). 


Lastly, if an article be sold at two different prices, these selling 
prices will be to one another as their representative selling prices ; 
for from (H) we have (193) 

1st selling price : cost price = 1st repve selling price : too, 
and cost price : 2na selling price = too : 2nd repve selling price; 
and, compounding these. statements (194), we have 
1st selling price : 2nd selling price (C). 

= 1st repve selling price : 2nd repve selling price. 


326. But although questions in Profit and Loss can always thus 
be solved by Rule of Three, yet it is often useful to remember 
that since a gain of 15 per cent, means a gain of 15 on 100, where 

too represents the cost price, it is a gain of of the cost price. 

And in like manner a loss of 9 per cent, means a loss of ” l of 
r too 

cost price. 


Ex. 1. Tea is bought at 32. 6d. a lb. and sold al y. io|rf. What 
is the gain per cent.? 

The gain on y. &/. is 4^/., hence') A) 

y. 6S. : ioo : gain percent.; 

gain per cept.= 4 ^ x 100 = £ x 100 

41 »4 

-«o». 
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Ex. 2. If doth be bought at i&r. M a yard, and sold at a !oss 
of [ 2 $ per cent., what price did it fetch ? 

A loss of nj per cent, means that if the Cf£t price be represented by loo 
t the selling price will Ite represented by too - 12^ or by Syj, therefore (B) 
ioo : 874=16#, id. : selling price; 

selling price= 8 - x ids. 8 d. =>% x i 6 r. 8 d. 
too 8 

= i4r. jd. 

Or we may proceed thus:— 

/. d. 

16 . 8= cost price, 

1*4 per cent. = J | * . i=loss, 

14 . 7 = selling price. 



The two selling prices are £34.. 10 s. and £38, and the first representative 
selling price is 100 - 8 or 91, therefore (C) 

jCli- : ^38 = 91 : tn d re P ve se "‘ n S P™c; 

, . 38 76 + 304 

,\ ind repve selling price = ^ x 9*“^* 9 s ~~J 

= iorJ; 3 
Gain per cent.- 1 4. 
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j|x 5. A clockmaker by selling a clock for ^4. 12, 6 loses 
7$ per cent. ; at what price should he have sold it to gain 6J per 
cent. ? 

The represent ative selling prices are too - 7J and 100+ or 91 J and 
jo 6J, hence (C) 

91$ : la. 6 : selling price reqd; 

price "'> d= '$ * M 

-tsh » 

= 25 - 6 - i * 

Ex. 6. If 5J per cent, be gained by selling butter at £$. 5. 6 
per cwt, how much per cent, will be gained by selling it at 
u. y. a lb.? 

Selling price per cwt. - mx 1^ = 1 40c. = ^7; 
from (C) £$. 5. 6 : j£7=io«J : 100 + gain percent.; 

100+ gain per cent. = x = ‘ * 4 ° x *'* 

S#f «• 1 

= 140; 

•. Gain per cent. =40, 

Ex. 7. If a person purchases pins 18 in a row and sells them at 
the same price n in a row, how much does lie gain per centa? 1 

The price of the pins is invent iy proportional to the number in a row ; 
/.cost price : selling prices 11 : 18. 

Bui cost price ; selling price— 100 : repve selling price; 

.’.ii : iS=ioo : repve selling pnee; 

**. repve selliDg price =*~x 100 

■1 fcA; 

Gaia p« cent. =6} A. 

Ex, 8. A merchant buys 1260 quarters of corn, one-fifth of which 
he 4dls at a gain of 5 per cent., one-third at a gain of 8 per cent., 
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and the remainder at a gain of 12 per cent.; if he had soothe 
whole at a gain of to per cent, he would have obtained £2$. "135. 
more ; what was the prime cost per quyter ? 


J of 1 160 qrs. = 151 qrs. i J of nfo qrs. = < 20 qrs. ; reradr= 588 qrs. 
' Gain 0,1 J 52 qrs. at 5 per cent.= 3 ‘ T 0 f , s , q„. at wt pricc; 

° r *5* qrs. +,f, of 410 qn.+^\of 588 qrs. 


qrs. at cost price; 


and hypothetic gain = ,’,'e of 1360 qrs.=«6 qrs. ; 

/, Difference of two gains =9/, qrs. at cost price; 

Cort P rice of 91V qrs. ~L x l~ 13. = 4?3r.; 


and , Cost price of t qr. = ~ 1, - — 1 . — — — ^ j, 
9it *3* 11 

= 5 ». 


Exercisr 54. 

it An article is Imnghl for 31. ;f<f. and sold for 41. 8^.; find the gain 
“percent. 

1, A horse was bought for >£31. jp. and sold at a loss of 11 per cent.; 
at what price was he sold? 

Cloth is sold at 6r. 1 \J. per yard at a loss of iti per cent. ; find the 
prime cost. * 

4. Goods are bought for 18. 9 and soid for ,£6. 7. 5$; what per 
cent, is gained by the twnsaction? 

}. A horse was bought for ^34 and sold for £1?. 1J. G; what was the 
loss peT cent. ? 

6. By selling an article for 3s- 9 d . a person loses 5 per cent. ; at what 
price must he sell it to gain 4I per cent.? 

7, The cost of a 38-gallon caslc of wine was^SJ, and 8 gallons are 
lost by leakage; atwfct price per gallon must the remainder 1* sold to 
realite 10 per cent, on the outlay ? 
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8. A person having bought goods for £40 sells half of them at a gain 
of 1 percent.; for how much must he sell the remainder so as to gain jo per 
cent, on the whole? 

g. Sugar is bought at £1. 7. 1 1 a cwt. ami retailed at }j<f. a lb. ; what is 
the gain or loss per cent.? 

10. Figs are bought at £l~ r6. 8 a ewt.; at what price per lb. must 
they lie sold to realize a profit of ij per cent? 

11. By selling in article for £25. io/., (SJ per cent, is lost; wh^t per 
cent, is gained or lost by selling it for ^33. i£j.? 

11. If a tradesman gains 4 r, 10J /. on an article which he sells for 
]6r. 31 {., what is his gain per ccnl.? 

13. An article is sold for 6 s. i/i. at a gain of 17 per cent.; what will be 
the gain per cent, when the price is reduced 4 Ji/.? 

14. If too lbs. of tea be bought at 7.?. id. a lb. and sold at 1/. 6 d., and 
100 lbs. of sugar be bought at 4^. a lb. and sold at 5}./., what profit per 
cent, will be realized on the outlay? 

15. A contractor bought ijo sheep and sold them for jfjjl. 5. 10 at a 
gain of 16 J per cent.; w hat was the cost price of each sheep? 

1 6- A stationer sold quills at nr. a thousand, clearing three-eighths of 
the money; what would he cleir per cent, by selling them at ijr. 6iri a 
thousand ? 

17. A draper having bought 500 yards of calico at a yard, sells half 
of it at a quarter at yd., and the rest at 6 $d. a yard; what is his whole 
gain, and his gain per cent.? 

18. A draper bought 3fi;i yards of linen at Jr, td, a yard. He sells 
j of it at y. 6./, a yard, and J of the remainder at 3*. 1 td. ; al what price 
per yard must he sell the rest to gain on the whole ti| per (XDt.? 

19. A person buys jjewts. of tea at 1/. 8 \d. per lb. and 4} cwU. at 
ix. i\d. per lb., and mixes them ; he sells $ cwts. al w. id. a lb. : at what 
price per lb. must he sell the remainder to gain 10 per cent, on his outlay? 

10. A bankrupt's stock was sold for j£jlo. irw. at a loss of ij per cent, 
cm the cost price; had the stock been sold in the ordinary course of trade 
it would have realized a profit of 10 per cent. How much was it sold 
under the trade price? 

ji. A lb. of jewdler’i gold is worth £36. 7. 6; from this gold a chain 
is made weighing 19 dwts. 8 grs. and £*,. ior. is paid for workmanship; al 
what price must the chain be sold to gain 37! per &»t. on the outlay? 
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”• A faimcr 50,11 *8° bushels of wheat at 6 s. a bushel at a loss or 
7 i per cent. ; afterwards he sold 1 50 more at a gain of 11} per cent. : what 
is his profit on the latter transaction, and how much does he gain on the 
whole? 


* 3 ’ A person buys shares in a railway when they are at £i§ 
having been paid, and sells them at / 3 2. 9 . when /a* has been paid; how 
much per cent, does he gain? 

1 4. If ejjgs be bought at a 1 for a shilling, how many must he sold for a 
guinea to give a profit of tt£ per cent.? 

15. £ 6 . i. 6 was spent in buying apples at is. 1 id. a bushel. When 
they came to be sold part of them were worthless, but the rest, on being 
sold at a profit of 30 per cent, realized £ 6 . 1 6.6'. how many bushels were 
there of worthless ones? 

*6. A merchant buys 3150 yards of cloth. He sells J of it at a gain of 
6 per cent., \ at a gain of 8 per cent., f at a gain of ij percent., and the 
remainder at a loss of 3 per cent. Had he sold the whole at a gain of 
5 per cent he would have received/ 12. j. 6 more than he did : what was 
the prime cost of 1 yard? 

17. With a gallon of rum which costs 15*., a man mixes a quart of water 
and sells it at 1 6s. a gallon, with a gallon of gin at t u. he mixes zj pintsof 
water and sells it at ns. a gallon, and with a gallon of brandy which costs 
111. he mixes 3 pints of water and sells it at 23/. a gallon : how much per 
cent, profit does his business yield him, supposing him to sell twiceasmuch 
rum as gin, and twice as much gin as brandy? 

28. A merchant sells cloth at the same price per yard as he bought it 
per ell ; what is his gain per cent.? If he sells at the same price per ell is 
he bought per yard, what is his loss per cent.? 

A fanner purchased 749 sheep and sold 700 of them for the price he 
paid for the whole, and afterwards sold the remaining sheep at the same 
price per head as the others : find the gain per cent. 

30. A person sold 71 yards of cloth for £ 8 . iff,, his profit being the cost 
of l !■}» yards; how much did he gain per cent.? 

3 t. Of a pipe of wine containing 116 gallons jo are lost by leakage, 
and the rest is afterwards bottled off so that a dozen bottles contain aj 
gallons ; by selling them os imperial quarts how much per cent, is gained 
or lost on the whole transaction? 

31. A tradesman’s prices are 1;, per cent, above cost price ; if lie allows 
a customer t j per cent, on his bill what profit does he make? 


A. 


30 
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33. A walch is bought for 25 guineas; at what price must it be sold to 
secure a clear profit of 30 per cent, after allowing a discount of per cent, 
to the purchaser? 

34. Silk is bought at 141. 5jrf. a yard; at what price per yard must it 
be sold to clear 17^ per cent., after allowing a discount to the purchaser of 
3| per cent? 

35. A grocer mixes two kinds nf tea which cost him u. %d 4 and «, id, 
per lb. respectively in the proportion of 5 to 1; what must be the selling 
price of the mixture that he may gain 33 per cent. 011 his outlay? 

36. A grocer buys coffee at the rale of £%. ior. per cwt., and chicory at 
/a. IQs- per cwt., and mixes them in the proportion of 5 parts chicory to 
7 parts coffee; at what rate per lb. must he sell the mixture so as to gain 
r6| per cent, on his outlay? 

37. How many lbs. of tobacco at 3a. id. a lb. must a tobacconist mix 
with 4 lbs, at 6 s. 6 d. that he may sell the mixture at is- 10 d. a lb. and gain 
33J per cent, upon his outlay? 

3fL A person buys some tea at p. a lb., and some at is. a lb.: in what 
proportion must he mix them so that by selling his tea at is. l\d. a lb. he 
may gain jo per cent, on each lb. sold?. 

39. A merchant made a mixture of wine at ?8r. a gallon with brandy at 
4JJ. a gallon, and he found that by selling the mixture at 35.?. a gallon he 
gained 15 per cent, on the price of the wine, and -20 per cent, on the price 
of the brandy ; in what ratio were the wine and the brandy mixed together? 

40. A wine-merchant mixes two kinds of wine and sells tlte mixture so 
as to gain 8 per cent, on what the wine cost him. Had he sold each kin*’ 
of wine at the same price per gallon as he sells the mixture he would have 
gained 10 per cent, and 6 per cent, respectively on the cost price of each. 
In what proportion were the two kinds of wine mixed together? 

INTEREST. 

327. INTEREST is money paid foe the use of money lent. 

The sum lent is called the Principal ; and the rate at which 
^100 is lent for one year is called the Rate per cent. 

328. When the principal on which interest is reckoned remains 
the same during the whole time of the loan, the interest is simple; 
but when the interest as soon as it becomes due is added to the 
principal and forms a new principal for the next year, the interest 
is compound. 
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329, The sum of the principal and the interest at the end of 
any time is called the amount. 

SIMPLE INTEREST. 

330. In Simple Interest, the interest is directly proportional 
(287) to the principal, and to the rate per cent., and to the time. The 
amount is'directly proportional to the principal ; but not to the 
rate per cent., nor to the time. 

Every question in interest involves the consideration of principal 
rate per cent., time , and interest or amount : and three of these 
quantities are always given, to find the fourth. There axe then 
four cases, according as the quantity to be found is (i) Interest or 
Amount; (2) Principal ; (3) Rate per cent.; {4) Time. 

331. CASE I. Having given tlu principal r( de P er ctn (•* an( i 
time, to find the interest or amount. 

For example,— Find the interest of ,£735. 12. 6 at qf per cent, 
for 3J years. 

Since the interest is directly proportional to the principal, and the interest 
ou f\oo for 1 year is /4I, we have 


fm- !*• : >nt. for 1 year, 


I’’ '***>, 

1 IOO 



(330) 

•ciDLKqd-* 3 * ” 

^ too 

( 49 ) 


Principal x rate p. c. x time 
too 


Hence to find the interest we have this Rule,— 

Multiply the principal by the rate per cent., the product by the 
time in years, and divide the result by 100. To find the amount, 
add the. interest to the principal (329). 


20-a 
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Remark (i)/ When decimals are used, it is sufficient that the 
result be correct to the third place (275). 

Remark (2). Sometime it is convenient to multiply the prin- 
cipal by the product of rate and time, instead of by each in 
succession. 


Remark {3}. When the time is given in months and days, 
12 months are reckoned to the year, and 30 days to the month. 

Remark (4). When the time is given in weeks, multiply by the 
number of weeks and divide by 52 x loo or 5200. 

Remark (5). When the time is given in days, multiply by the 
number of days and divide by 36500 : or better, multiply by double 
the rate, and divide by 73000. 


Remark (6). To divide by 73000 we may proceed thus : 

First multiply divisor and dividend by t +- + — +■ — ; that is, 
, , 3 jo 30° 

to each number add - of itself, then — of this result, and then 
1 3 * 10 

— of this new result : the divisor will he found to be 100010, for 


A 


73000 

24333I 
243.^ 


and, considering this divisor as ic>oooo,the quotient is found ap- 
proximately by removing the decimal point in the new dividend 
5 places to the left (144). ' 

If we had decreased the new divisor and dividend each by 
of itself the divisor would be almost accurately 100,000: hence we 
may consider the preceding result as too great by ^ of itself, 

which in money is nearly equivalent to - 1 d. in ,£10. 

4 

We have then the following Rule, sometimes called the third \ 
tenth, and tenth Rule : 

D ivide the dividend {neglecting ike decimal part) by 3, the quo- 
tient by 10, and this new quotient by 10 ; add these quotients and 
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the dividend together, and point of 5 places of decimals. Subtract 

~d for every ^10 of interest 

4 

Ex. 1. Find the simple interest and amount of ^240. 12.6 at 
2j per cent, for 8| years. 

£• s. d £. 


249 . ri . 6 


240*625 

4^1 • s ■ 0 

i 

481*150 

ijo . 6.3 

i 


6or . 11 . 3 


601*5625 

_ ±-i 


9 

5414 ’ t i 


5+14*0615 

150 .7.9? 

k 

150*3906 

5».63 • 13 • 5i 


5 2*636719 =£52. 1*. 8f*, 

20 


s* 

11 

I 

>*•73 

and principal =£240. 12. 6 

11 


the amount=^293. 5. ifj- 

8,8i 



4 



3 -*S 




Ex. 2. Find the simple interest of ^512. 16. 8 at 4* percent, for 
3 years 7 months 21 days. See Remark (3). 


£■ s. d. £. 

jtl . 16 . 8 5»*‘8333 


± 4 




2051 . 6.8 


,0 5 , '3333 

} 

k 

256 . 8 , 4 \ 

4 

156*4166 

i 

k 

64 . 2 . 1 1 

i 

64*10+1 



2371 . 17 . 1 

3 


137**8540 

3 



7115 • n • 3 


7 ii 5 ' 56 j 9 

6 mo. 

4 

118$ . 18 . 6* 6 mo. 

4 

1185*9270 

1 mo, 

i : 

197 . 13 . tf* 1 mo. 

1 4 

« 97 ' 6 M 5 

r 5 days. 

4 

98 . 16 . 6H ij da. 

4 . 

98*8172 

6 days] 

il 

39 ■ 10 . 6 da. 

! 4 ' 

395309 



86,37 . »o . oB 


86*37 5 oi 6 ; 


20 


7«jo 

13 

6 f oo 

4 _ H = t 3 

,oi-i 100 600 


Interest 86. 7. 6$^ 
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Ei. 3. What is the simple interest of /320. 17, 6 at 4^ per cent 
for 17 weeks ? See Remark (4). 

£■ 

320-875 


» 83 ’ 5 « 

I ifo‘4 37 5 
M43‘9375 

[7 

.... I 400 ) *4iv|6'9375 

!M °1 ' 

a*>i-£+ «!■ 

Ex. 4. Find the simple interest of ^420. 13. 8 at per cent, 
from 19th Mar. 1868 to 8th Sept. 1870. See Remarks {5) and (6). 


Mar. 12 



April 30 
May 

Jane 30 

Jnfy 3 < 

The day on which the money is lent and the day on 

which it is paid make only 

one day: hence we reckon 

only tt clays in Mar. but 8 

in Sept., giving 173 days: 

Aug. 31 

therefore the whole time is 

2 years 173 days, or 903 

Sept. 8 

days. 

•73 

£- 


1 years 73a 

410*6833 


903 

9 



3786-1497 



9°3 



,j 3584491 

3418893-1791. , Rk. {61 


7^000 ) 3418,893-1791 
498 


*49 

303 


( 46*8341 


r 1 39611 
1 1396a 
” 39 6 
46-83883 

468 Deduct T 

ZW+f 

. interest = ^46. 16. 8$. 


Exercise 55. 

Find the simple interest and amount of 
>■ j£ 34 <>- u. 6 for 4 years at 3 per cent. 

1. £96. 13. 5 ... 8 years at 4 per cent. 

3 - £ i °51' 1- ® 9 ye 31 * 8 at 5 per cent. 

4. £450. 10, q ... 7 yea is at ji per cent. 

5« ^71 j* l. 8 ... 1 year at ij per cent. 
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6. /33- >3- 4 for J 5 years at 4$ per cent. 

7' /55- 16- 6 ... 1 year at 35 per cent 

8. j£6s 4- ■». 6 ... 4^ years at 4J per cent. 

9. j^7j. 8. 9 | year at 3$ per ce*. 

10. ^1745. 18. 6 — 3^ years at 4J percent. 

11. ^476.18.6 ... 4| years at 3i per cent. 

». ^385.9.10 ... i year at j| per cent. 

>3- <£543- *7- 6 — 1 k years 3l per cent. 

H< *4' 7 ■■■ 8 i years at 4! per cent. 

IS* £45* *5- 6 ... t j years at ij per cenL 

16. £964. 18. 9 al 4} per cent for 1 year 219 days. 

1 7* £317- 10. ’I at 3 & peT cent, for 3 years 73 days. 

]S. £27, 16. 9 at £3. is. 6 per cent, for 4 years 7 months. 

19, 1000 guineas at 4.J per cent, for r year 5 months. 

10. £460. 3. 6 at 4I per cent, for 3 years 8f months. 

4 1. £550. 14. 8 at +J per cent, for 1 years 9 months 55 days. 

41. £5160. 10. 1 at 2-J per cent, for 6 years 5 months 11 days. 

23. 500^ guineas at 1$ per cent, for t year 7 months 18 days. 

24. .£386. 14. 4I at 5! per cent, for 5 months 16 days. 

45. £166. 13. 4 at 3^ percent, for 19 weeks. 

46. £987. IS* 8f at £f 13- 4 pet cent, for 37 weeks. 

17. £218. ii. 3^ at 4} per cent, for 1 year 13 weeks. 

28. £787. 0. 7I at 4^ per cent, for 91 days. 

19. £1108. i}. 9 at jJ percent, for 191 days. 

30. £184. 3. 9 at 5I per cent, from July 17th to Dec. gth. * 

31- £853. 0. 10 at 3} per cent, from June 18th to Sept. 45th. 

6?. £3057. 14- 7 at 4J per cent, from April f>th to Oct. 27th. 

33' £1153. 8. 5 at 3 g per cent, from Jan. 16th to Mar. 23rd (leap year), 
34* £473- 3* 6 at 3$ per cent, from April 14th to July 6th, 

3S> £164. 15' *t Si pw cent, from 9 Nuv. 1867, to 3 Mar. r 868. 

36. 1317. 3. 8 at j| per cent, from Oct. 18th, 1869, to May 37th, 1871. 

332. Case II. Having given the interest or amount , rate per 
cent., and time, to find ike principal. 

1st. Let the interest be given. Find the interest of £100 at the 
given rate per cent, for the given time ; then, since the interest is 
directly proportional to the principal producing it, we say 
this interest : given interest =£ loo : principal re^d. 
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2t\i Let the amount be given. Find the amount of j£ioo at 
the given rate per cent, for the given time ; then, since the amount 
is directly proportional to the principal {330), we say 

this amount : given ‘amount =j£ioo : principal reqd. 

Ex. t. What sum of money must be lent, that its interest may 
come to £i<). 6. 8 at 2 £ per cent, in 2 years 7 months ? 

£■ i- d 

2 . 10 . o=int. on /too for 1 year. 

2 

5.O.0 

«"*>■!* , -50 

x mo, j j 0 . 4.1 

6 . 9 . i=int. on £]oo for 1 years 7 months; 

£6. 9. a : £19. 6, 8.=/i<» : principal reqd; 

principal reqd^ioo x ^*=£454. 3- f°H?- 

Ex. 2. What principal will amount to ^45 2, 16, 8 in 2 years 
8 months at 4 J per cent. ? 

Int. of £ 100 for ayrs. 8mo. = j^4?x if =£ 12 $; 

amount 

and £ni} : >£452$ ;£roo : principal reqd; 

principal reqd=J^| x/'ioo =£~~ 5 =/40i. 18. sJA- 

Ex. 3. What sum must have been lent to have amounted to, 
^465. 13. 10 in 127 days at 4$ per cent.? 

£• 

950 

«7 950 is 100 x double the rate p. c. The interest bf 

6650 £100 is 1 ‘65273, and therefore we have 

, ioi'65*73 : 465 '6916 =£ioo : sum lent. 

120650 
40216 
402 r 

402 

165189 
Deduct... 16 

101 '65273 ) 46569-166 <485-270=^433. 1. 3. 

5908074 
8*5 437 
u 215 
1 050 
*7 
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333. CASE III. Having given the principal, time, interest or 
amount , to find the rate per cent. 

Find the interest on the given principal for the given time at 
1 percent.} then, since the rate per cent, is directly proportional 
to the interest, say 

this interest : given interest = 1 : rate per cent, reqd ; 
tKht is,— rate per cent, required is found by dividing the given 
interest bfithe interest at 1 pet cent. 

Ex. 1. At what rate per cent, will £\gi . ior. amount to 
/163. 13. nj- in 4| years? 

Given Int.=^iS3. 13. n i-£i*2. ta^£n. 3. 11J. 

Int. an £141. 10 at 1 percent, for 4^ ynnt^—£6. 1. 1$; 

Rate per cent. = ^ ”^-3$. 


Ex. 2. At what rate per cent, will the interest on ,£345. 15$. 
become .£192. 17. 6 in 8f years? 


£. 

3+5 75 

9 

3 ri, 75 
i! 86+3 

30-3531 ) 191-8750 ( 63753s 
11 35.58 
2 1796 
1021 


Rate per cent. =6-371135 

= 6 } very nearly. 


*7 


Ex. 3. At what rate per cent, will a sunt of money double itself 
in 12$ years? 

In 1 2$ years the interest is equal to the principal, 

interest on £100 for nj years=^‘ioo; 
but interest on £100 at 1 per cent, for 12$ years si, 


rate per cent, 


jfioo 


334. Case IV, Having given the principal, rate per cent., and 
interest or amount, to find the time. 
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Fiitd the interest on the given principal for one year ; then, since 
the time is directly proportional to the interest, say 

one year’s int- : given int. = I : no. of years reqd ; 
that is,— the number of years is found by dividing the given interest 
by the interest for I year. 

If it he manifest that the time is less than a year, then, as before, 
—the number ^f days is found by dividing the given interest by the 
interest for t day. 

Ex. I. In what time will ,£42$ amount to £635. 7. 6 at 5J per 

cent.? 

Given interest =,£635. 7. 6-^415 = 210. 7. 6. 

InL on £415 for 1 ye*r=— ; 

>. , j£iio&xroe 

No. of years = . =0, 

^ 4*5 x 5 i 

Ex. 2. In what time will a sum of money treble itself at 
S per cent.? 

The time will be the same whatever sum of money be taken a 3 the 
principal : suppose, then, the principal to be £ 100. 

given interest = 2 x principal =.£100, 
and interest on ^roo for 1 year=/8; 

.. , .£200 

No. of years* -£g"=*5* 

Ex, 3. In how many days will the interest on £498. 16. $ 
amount to ^10. 9. 3^ at 6J per cent. ? 

t £■ 

49*'*}i ( 33 *. Rk * < 5 ) 

11 

, 598599* 

i 1 n 47 oS 
6nof 
2036-9 
™ 3’7 

» 0'4 

■083.7.1 ) to’tfi ( i J 5 

2093 

4 l8 

o No, daysii 135. 
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Exercise 56. 

What principal will amount to 

1. ^761. 16. 4! in 5 years at 34 per cent.? 

I. £<133. 13. 4 in if years at 3? per ant.? 

3. /S43. 13- 6 Is4 years at if per cent.? 

What principal will produce 

4. ,£36. 11. 6 interest in 24 years at 34 per cent.? 

5. ,£23. 18. ro interest in 1 j years at 4^ percent.? 

6. £ r 3. 15. 9J interest in f year at 3! per cent.? 

What principal will amount to 

7. ^£1357. 14. 3 in 1 years 7 months al 44 per cent.? 

8. ^725. 12. 6 in 1 years 9 months 18 days at 24 per cent. ? 

9. Find the principal whose interest amounts to £tf. 16. 8 in 1 year 
9 months 14 days at 3! per cent.? 

10. Find to the nearest penny the sum that must be invested at 3! per 
cent, for 21 years to amount to ^1000. 

What principal will amount to 

II. ^346. 13. 4 at 34 per cent, in 240 days? 

11. j £58. 4. 6 at 54 per cent, from June 16th to Nov. 7th? 

13. ^73. 5. o at 4J per cent, from April 22nd to July 25th? 

1 4. ^5253. 8- 9 at 4! per cent, from Fck * 8th to Sept. 16th? 

At what rate per cent, will 

15. £170. 6, 3 amount to ^190. 155. in 3 years? 

16. ^33. 6. 8 amount to X38, 4. 2 in 44 years? 

•*17. ^13®. 17. 6 amount to £164. 3. 0 in 64 years? 

At what rate per cent, will the interest on 1 

18. ^35. IJ- o amount to ^4. o. 54 in 44 years? 

19. 500 guineas amount to ^103. 9, 44 in 3 years 7 months? 

20. ^139. 16. 6 amount to £u- 13. 0 in 2 years 10 months? 

21. /750. II. 6 amount to ^158, 14. 64 in 5 years 7 months 20 days?' 

22. The interest of a sum of money at the ind of 64 years is three- 
eighths of the sum itself ; whRt rasper cent, was charged? 

13. What must be the rate per cent, that the interest at the end of 
16 years 8 months may be equal to seven-eighths of the sum lent? 

24. £'}• 19. 6 was charged for the loan of ^743. 10. 0 for 87 days ; 
what was the rate per cent.? 
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J5. c - What is the rate per cent, when the interest on £185. i+r. for jig 
^ays amounts to^j. o. ^ ? 

16. At what rate per cent, will the interest on £ 1 368. i«r. become 
^14. 4. from July }th to No\. 10th? 


ay. In how many years will /340, tt. 6 amount to ^381. ior. at 4 p.c, ? 

a 8. In how many years will the interest on ^35. 15X, amount to 
^4.0. 54 at ij per cent.? 

19. In how many years will /1451. 6. 6 amount to ,£1667. 4. if at 
4 per cent. ? 

30. In how many years and months will the interest on tooo guineas 
amount to/103. 9. 4J at if per cent.? 

31. In how many years will ^1860. 16. 9? amount to ^351 9. 11. 3 at 
Si per cent. ? 

31. In how many years, months and days will £2251. 1 7. 6 amount to 
^1718. r. of at 3f per cent.? 

33. In how many years will a sum of money amount to half as much 
again as itself at /4 per cent.? 

34. In how many years will a sum of money double itself at 6| p. c. ? 

35. In how many day's will the interest on ^343. 6. 8 amount to 
£3. 0. 5 at 3} per cent.? 

36. In how many days will 17. 6 amount to 18. 9 at 

4! pet cent.? 

37. In how many days will the interest on £tft. i$s. amount to< 
£y 19. 9 at 4$ per cent.? 

38. On Jan. jst, 1870, a person borrowed £4835 at 3J per cent., pro- 
mising to return it as soon as it amounted to £i,Ooa: un what day <jid 
the loan expire? 


39. A sum of money- amounts in jo years at 3} P« cent. simple interest 
to ^'506. 15. i\ ; in how many years will it amount to ^703. ifl. 6f ? 

40. A person lent another a sum of money for 73 days at 3 per cent, 
per annum. At the end of that time he received ^193. 13 . o^: what was 
the sum lent ? 

41. The sura of ^317 is borrowed at the beginning of the year at a cer- 
tain rale of interest, and after 9 months £\oo more is borrowed at double 
the previous rate. At the end of the year the interest on both loans is 
£13. 3. 6. What is the rate of interest at which the first sum was borrowed? 



Sf 335 - PRESENT WORTH AND DISCOUNT. 31 7 

42. What sum of money laid oat at 4 per cent, will give \d. interest 
a day? and what sunt at 3^ per cent, will give a guinea interest per day? 

43. The simple interest on £$11. tor. for *J of a year is 3. 9 ; find 
the interest on ^2906. y. for 1 'd of a year It the same rate. At what rate 
per cent, is the interest calculated? 

44. Find the interest on an. Exchequer hill for ^3587. rgr. for 48 days at 
the rate of per cent, per day. What rate per cent, per annum would 
this rate give for the year 187 1? 

45. Wffat sum will amount to ,£425. 19. 4$ J in 10 years at 3$*pcr 
cent.; and in how many years more will it amount to ,£453. 11. 7? 


PRESENT WORTH AND DISCOUNT. 

335. The Present Worth or Present Value of a sum of 
money due at the end of a given time is that sum which with its 
interest for the given time amounts to the sum due. Thus, if £350 
in 6 months amounts to ^357, it follows that £ 3 50 paid now is 
equivalent to £357 paid at the end of 6 months; that is, the present 
worth of £357 due at the end of 6 months is ,£350. 

336. Discount is the abatement made when a sum of money is 
paid befure it is due. But a sum of money due at the end of a 
given time is discharged now by the payment of its present worth ; 
discount therefore is the difference between the sum due and its 
present worth, and therefore 

Present worth + Discount = Sum due ; (1) 

but, by definition (335), 

Present worth + int. of Present worths Sum due; 

therefore 

Discount of Sum due= interest of its Present worth. (2} 

337. Again, from (1) we have 

amount of Present worth + amt. of Discount = amt. of Sum due: 
or Sum due (335)+amt. of Discount=Sum due. -hint. of Sum due; 
therefore amount of Discount = interest of Sum due : (3) 

and therefore the difference between the discount and the interest 
of the sum due, is the interest of the discount, 



3 lS PRESENT IVQRTJf AND DISCOUNT. 


33& To find the pnstnt worth of a sum of money due at the 
end of a given time is to find what sum (principal) will for the given 
time at a given rate amount to the sum due, and is therefore equi- 
valent to Case II. in Simple Interest (33a). We proceed thus— 
Find what ^100 amounts to for the given time at the given rate ; 
the present worth of this sum (amount) due at the end of the given 
time is ^too ; therefore we say 

t this sum : given sum due=;£ioo ; present worth reqd. 

To find the discount — (l) Find the present worth of the sum 
due, and subtract it from this sum : or 

(2) Since the discount is directly proportional to the sum due, 
proceed thus; — Finttwhal ^too amounts to at the given rate for 
the given time; the discount on this sum due at the end of the 
given time is the difference between this sum and ^100; therefore 
this sum ; its discount -sum due : discount reqd.. 

Ex. 1. Find the present worth and discount of ^275. 6. 8 at the 
end of 18 months at per cent. 

Amount of ;£ioo for 18 tnonths= 100-r - x ^ = to6f; 

.\ Present worth ofj^iodJ due at the end of 18 months^^ioo; 
and therefore /T to6| : ^2751=^100 ; present worth reqd; 

Present worth reqd=^ x - x /too 
H 3 4*7 

18. Silr 

And .6.8 =sumduc, 

£i$ 1 . ]8 ♦ 5^ 14 = present worth. 

£ 1 1 . 8 . 1 1 if = discount. 
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and /. ioo + ~ : = n< 6 : discount reqd; 

73 73 H 

or 7399 : 99-8s‘6i5 : discount reqd ; 

99 * 

11^1 

yyogas 

73,9,9 ) 8476 875 ( ri45 
10778 
337 9 

4 * 0 * 

5 0 Discount reqd=£i, 2 < l0 l- 


Ex. 3. The discount of a sum of money due 90 days hence at 
5^ per cent, is £\. 2. 10J ; find the sum due, also its present worth. 

By Ex. a. ^ is the discount of 100 4 — : hcncc • 

73 73 

~ : 100 + — = /r. 2. io J : sum due; 

73 73 

or 99 : 7399 =j£i“ 1 45 '• £85* »• 6 sum due. 

Also— : ioo = /['I45 : present worth of sum due. 


339. When the sum due , its present worth or discount, and the 
time are given, to find the rate per cent, allowed, we proceed pre- 
cisely as in Interest {333); and so too when the other quantities 
are given, to find the time (334). 


Ex. 4. The discount of .£295. 15$. due at the end of 2 years 
8 Months is found to be ,£33, 5-r.; at what rate per cent is interest 
allowed? 


The present worth is ;£j6j. 10 s.; we have therefore to find — At what 
raU ptr cinl . will £161. icu. amount to ,£195. ijr. in j years and 8 months? 

Now given interest =£33. jj., 
and interest on £262. tor. at 1 per cent. =.— ; 
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Find the present worth of 

j» £916. 10. 0 due 2 years hence at 4} per cent. 

j. £605. io.fi .. 3 years £ 4 . 15* ... 

3. £1079. 2. 5 ... 1 yr. 6 mo 5 

4- £w- v- ••• *1 yew* 

5. jfo8. it: 8 ... 3 years 5 

6. £1150. ior. ... 2 J years 3j 

7. 25 guineas ... 18 months £3.12.6.. 

8- £»4$- IJH • - years 4 £ 

9. ,£46.16.8 9 months 3I 

10. £8 4 3- 12. 6 ... isi years 2'f 

11. j£i* 43 - 2. fi ... 3 yis. 5 IRO. Cl- 2. ti. ■■■ 

is. £1144. 8. 1 ... 4 yrs. 90 days 2^ 

Find the discount of 

r 3- £4120. 8. 7 due 9 months hence at 4 percent. 

1+ £11382- 42* - 4 months 3$ 

15 * £55447 - ij years 4} 

16. £520. ry. 6 ... 3i years 4 J 

17. ,£461.15.104... 3 months 7} 

18. .£753* h* fi ••• 5 months 3? 

19. £450 ... jyrs. 9 mo 4* 

to. 1000 guineas ... 1 yr. todays 3§ 

si. £151. is. 6 ... 3713.9 mo. 18 da. ... 

4J. £ 37 <i< 10 ’ 6 ... Go days 6J 

13. £87*5. r 8, 9 ... 17: days 4* 

s 4 . £862. 1 or. ... J5 days 4 J 

«5- £ 3243 ’ IJ*« 1 3® days $| 


46. What is the present value of £r due 1 year bencc at t per cent. ? 

47. If the present worth of £328. 13. 5 due 3 months hence be 
£325. 8, 4, what rate per cent, is allowed? 

tB,, If the discount of £13735 at 3f per cent, be £335, how long was 
the sum paid before it was due? 

29. On what sum of money due at the end of 1 year and 4 months does 
the discount at 4 f per cent, amount to £48. 9 *.? 
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30. A tradesman on being paid ready money deducts i$r. $d. fro?n an 
account of £io. 5. due at the end of 12 months; what rate of interest 
does he allow? 

31. A offers for an estate ^37800, anti *B offers /'4540a tn be paid at 
the end of 4 years. Which is urn the better offer and by how much, 
allowing 5 per cent, interest? 

32. Find the difference heLween the discount on ^196. 4. 4J due 
6 months hence at 8 per cent., and the interest on the same sum for the 
same time !\t the same rate. 

33. If the discount on ,£78. 9. 9 due 8 months hence he £$. o. 4^, at 
what rale per cent is the discount calculated? 

34. The discount on a sum of money due 3J years hence at 5I per cent, 
is £ 16, 14. 9; find the sum. 

3}. How many years hence is ^589. 6. 3 due, when its present value 
at 3J per cent, is 500 guineas? 

36. Find the difference between the amount of ^494. 10 for 1 years, and 
the present worth of the same sum due at the end of 2 years, at per cent. 

37. Find the difference between the interestand discount of/ni4. 11.8, 
the time being years, and (Iterate 4 per cent, per annum. 

38. Find the discount on /170. 18. 5 due 52 days hence at ajif. per 
cent, per day. 

39. A farmer buys 75 sheep for /no payable at the end of a twelve- 
month, and the same day sells them at 35 s. a head ready money; what 
did he gain by the transaction, reckoning interest at 5 per cent, per annum? 
1 40, Find the difference between the interest on £u£- 13. 4 for 2| years 
at 5-$ per cent., and the discount on ^283. 19. 6 due 2f years hence at the 
same rate- Explain the result (336, 2). 

^I. If a person’s salary be paid at the beginning instead of at the end 
of the month, what part of the month’s salary ought to be abated, reckon- 
iug 4^ per cent, per annum? 

42. A tradesman marks his goods with two prices, one for ready money 
and the other for credit of 6 months: what ratio should the two prices bear 
to each other, allowing interest at 7 A per cent, per annum? If the credit 
price of an article be ^33. 4 s., what is the cash price? 

43. The discount on /27s for a certain length of time is /15; what is 
the discount on (he same sum (1) for twice that length of time, and (2) fur 
half that length of time? 

44. The interest oa £$*1. ion. for a certain time is £34. 7. 6; find the 
discount on the same sum for the same time. 


B-S. A. 
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45! If the discount on a sum of money due at the end of 8 months at 

per cent, be ^43. 15. pj; find the present worth of the sum. 

46. The interest on a certain sum of money for 1 years is £"j\. 16. 7ii 
and the discount for the same time is ^63. ifs. Find the rate percent, per 
annum and the sum (337, 3)^ 

47. The difference between the interest and the discount on a certain 
sura of money at 4J percent, for sj years is £i. 12. 7} ; find the discount 
on the sum (337), and the sum itself- 

48. A man bought a horse for 30 guineas and sold him immediately for 
/3B. 10J- payable at the end of 6 months. If the use of the money be 
reckoned at dj per cent, per annum, what is now his gain per cent.? 

49. I purchase a piece of land for .£,'3500 and sell it the same day for 
4000 guineas, to be paid in two equal instalments at the end of 3 and 6 
months respectively: how much do I make by my bargain, the use of 
money being worth 6 per cent.? 

jo. A person’s salary of rooo guineas is paid in four quarterly payments 
at the end of each quarter : what sum at the beginning of the year is equi- 
valent to these quarterly payments, reckoning interest at 5 per cent,? 

ji. What sum must be paid now in order that a person may receive 
j^ijo at the end of every year for the next three years, the rate of interest 
being 3J per cent.? ¥ 

51. £n} is due at the end of 3 months and jCqOat the end of 7 months; 
wbat sum at the present time is equivalent to both these sums, calculating 
interest at 4! percent.? In what time will the result amount to £1 15 4-/90 
at the same rate of interest? f 

DISCOUNTING BILLS, 

340. A bill of exchange is a written instrument in which 6ne 
person orders another to pay to him, or to some other person, a sum 
of money at a specified time. Thus : 

/joo. London., ut January, tfidi. 

Two mouths after date pav C. D, or order Five hundred 
pounds, value received. 5 ^ 

To E, F., f A. B. 

Park Street, Liverpool. ■< 

Here E. F. engages to pay to C. D, or his order /500 at the end 
of two months from 1st jam 188 [. 
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A promissory note, or note of hand, is a written instrument in 
which one person promises to pay another a sum of money at a 
specified time. Thus : 

j£6oo. London , 1 st January, 1881. 

Three months after dale, T promise to pay C. D. or order 
Six hundred pounds, value received. 

A. B. 

Here A. B. engages to pay to C. D. or to his order £600 at the 
end of 3 months from 1st Jan. 1881. 

341. A bill of exchange or a promissory note always runs 3 days 
beyond the time specified, and these three days are called days of 
grace. Thus a bill drawn on rst Jan. at 2 months is nominally due 
on 1st March, but really on 4th March. Moreover, calendar months 
are always reckoned, so that a bill at 3 months, whether drawn on 
30th or 31st Jan., is nominally due on the 30th April, and really on 
3rd May. 

If now the holder of a bill wishes to realize it, he presents it to a 
banker or bill-discounter, and if the banker or bill-discounter he 
satisfied of the credit of the parties to the bill, he discounts it ; that 
is, he pays the sum specified on the bill, deducting discount for the 
^ime it has still to run. But with hankers and bill-discounters, dis- 
count is the of the sum specified, whereas, properly speaking, 

it is the interest of the present worth of that sum (3361 2). And as 
the present worth of a sum due at a future time is less than the 
sum itself, the true discount is less than the banker’s or vurcantik 
discount ; and therefore the banker obtains a small advantage. 

Ex. A bill for ^343. I J. 6 is drawn on 15th April at 4 months, 
and discounted on 8th May at 4^ per cent. ; how much did the 
holder receive ? {See Art. 331, Remarks 5 & 6.) 

"May 13 The bill is really due on [8 Aug., and therefore when it 
June 30 va3 ft had to run from 8 May to 18 Aug-, nr 101 

Aug. r8 days; the discount, therefore, ou this bill is the intend of 
J&54J* 1 i- <> at 4 per cent, for 101 days. 


21—3 
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£. 

3+3*775 

9 

S° 93'975 
171-8 87 
3265-862 
102 


6531 7*4 
326^86 1 

73«» ) 333nr9H 
iirojo 
1 i 104 
mo 

4 56370=* £4. ii. 3^ discount, 
and 339-1113-/339- 4. 2$ paid to holder of hill. 


Exercise 58. 

1. A bill is drawn for / 33. 15 s. on July 17th at 1 months, and dis- 
counted Aug. nth at 3! per cent.; how much did the holder receive? 

1, Find the discount on a bill for ^843. 11. 6 drawn Dec. 18th at 
6 months and discounted Jan, j6th at 5 i per cent. 

3. What does a bill-discounter give as the present worth of a bill for 
j/562. 2. 6 drawn Sept. 4th at ■ months and discounted the same day at 
61 per cent.? How much is the result less than the true present worth? 

4. A bill is drawn for/321. 4. 3 on Dec. 31st at 2 months and dis- 
counted Jan. 14th at 4! per cent.: how much is charged for discount?' 
By how much does the discount charged exceed the /rediscount? 

5- What deduction does a hanker make in discounting a bill for 
/7716. 6. 9 drawn Oct. roth at 9 months and discounted March i$th <jt 
6J per cent.? Find also the true discount. 

6. How much does a banker give as the present worth of a bill for 
/S253. 8. 6 drawn Nov. 6th at to months and discounted by him on Feb. 
aist at 4^ per cent.? Find also the true present worth. 

7. Find the discount charged in discounting a bill for £$, 4. 3 drawn 
April 9th at 7 months and discounted June 19th at 5$ per cent. Find also 
the true discount. 

8. Find the present worth of a bill for j/657. 2. 6 drawn Sept. 24th at 
4 months and discounted Dec. 12th at 64 per cent. How much is this less 
than the true present worth? 
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9. A bill is drawn for ^1687. on March 31st at 3 months afld dis- 
counted same day at 5I per cent. ; how much is received, and whal is the 
true pifsent worth? 

10. On the 31st Oct. a bill is drawn at <5 months’for /309. 15. 4 and 
discounted Jan. ijth at 7 per cent.; what was charged for discount, and 
how much docs this charge exceed the true discount? 


COMPOUND INTEREST. 

342. In Compound Interest, the interest of each period is 
added to its principal, and the amount forms a new principal for 
the next period. 

The period is always understood to be a year, unless the con- 
trary is stated ; but it may be half a year, or a quarter, or a 
month,... 

Case I. Halting given the principal \ rate per cent., and time 
(; number of periods), to find the interest or amount at compound 
interest . 

From the definition of compound interest we proceed thus: — 

Find the amount of the given principal for one period at simple 
interest; this amount is the principal for the second period. Find 
the amount of this second principal in the same manner; and con- 
tinue the process till the amount for the last period has been found. 
This last amount is the. amount required; and if we subtract from 
ihthe given principal we obtain the interest. 

Remark 1. If there are more than 2 periods, employ decimals ; 
and as we only wish the result to be correct up to the third place 
(275), we need not retain more than 4 places, or, if there are 
many periods, 5. 

Remark 2. We may multiply by 3, and divide by too at the 
same time, if we set down the figures of the product two places 
farther to the right ; thus 


857+63 

T5724. 
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whdre we neglect the figures beyond the fourth place, but before we 
set down in the fourth place, we add the nearest ten (152) from the 

preceding figure. 

4 

Ex. 1. Find the compound interest of /450, j6. 9 for 3 years at 
4I per cent. 


i 

i 

i 


450837s 

\-nyo j is t year’s, interest 

4f>9'998o amount in 1 year. 
.8-7999 1 
rr 7<9 J 

489-9718 amount in 1 years. 

19-5989 ) 

/ 

} ro‘7966 amount in 3 years. 
45^375 principal. 

! 9 - interest. 


Ex. 2. Find the amount at compound interest of £87. 3. 6 for 
1$ years at 4$ per cent per annum, payable half-yearly. 

Here there are 3 periods of haif-a-year each, aitd the rate per 
cent fitr period is J of 4| or 2$. 

I* 

87-1750 
, *7435 } 

} 1 i -it 79 > interest for tst period, 
i I J -108 9 ) 

8y2 4J3 amount in 1 period. 

•«31 > 

•«“5 ) 

9^ '3^48 amount in i periods. 



•Itji 

93*5347 “mount in 3 periods or 1 J years, 
amount 10. 8*. 


Ex. 3. Find the compound interest of ,£45, 12, 6 for 3^ years 
at 3$ per cent, per annum, payable yearly. 

Having found the amount for 3 periods of I year each, we have 
still to find the interest of the remaining \ year ; this is done either 
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by considering the i year as a new period and finding its interest 
at 1 1 per cent., or by finding the interest of the next full period and 
taking 4 of it we take the first method. 

L 

45-6150 
13688 
\ '1281 

47*2119 
1*4 166 
4 *1361 

48*8746 
1*4661 
i ’ 2 443 _ 

50*5851 amount in 3 years. 

*5058 J 

| 1 1 ‘1529 1 int. for last 4 year. 

I 1 h — 

53 ’4702 amount in 3^ years. 

45*6150 principal. 

5*8451 interest reqd. 

.*. interest reqd =^"5. t6. io|. 


Ex. 4. Find the amount at compound interest of ^75. 14. 9 for 
2 years 7 months, 2 1 days at 4I per cent 
Having found the amount for 2 years, we shall find the interest 
for the remaining 7 months 21 days, by finding the interest for the 
f 3rd year, and taking aliquot parts ; thus— 


£ 


t 757375 


iLiis 


78'9563 


3 1 IS8« 

6 mo. 

i ' ''W 

1 mo. 

81*3118 amount in 1 yis. 

1} da. 

2*1445 int. for 7 mo. 21 da. 
64*5563 amount reqd. 

6 da. 


*• 

Si’gnS prm. for 3rd yr. 
3 * 9*4 
‘*057 

3*4981 int. for 3rd yr. 

n 49° 

•2915 

'*457 

•0583 

«’3445 


,*. amount reqd=/84. u. i£. 


Ex. 5. Find the difference between the simple and compound 
interest of ^549. 17, 6 at 5J per cent, in 3 years. 
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£. 

| S+9‘8750 
^7'493 8 
* 7+93 
foni&i 
icj'oo*, 9 
1-9006 
firroj+fi 
306011 
3‘ofoi 
645-6839 
W 8 75 
PS‘8 i &9 
i 9*7*93 
5-0816 


-jo' 1431 simple interest for 1 year. 
3 

9*7293 , ..3 years. 


compound interest. 

simple 

difierence=^5. t. 7J. 


345. Case II. Having given the interest or amount, rate per 
cent.-, and time, to find the principal. 

1st Let the interest be given. Find the interest of f\ at the 
given rate for the given time ; then, since the interest is directly 
proportional to the principal, we say 

its interest ; given interest ~£\ : principal reqd ; 
therefore the principal is found by dividing the given interest by the 
interest of £\ at the given rate for the given time. 

2nd. Let the amount be given. In like manner, the principal 
is found by dividing the given amount by the. amount of fi at the < 
given rate for the given lime. 


PRESENT WORTH AND DISCOUNT. 

344. We find the present worth and discount at compound 
interest thus : — 

Find what £1 amounts to at the given rate for the given time ; 
the present worth of this sura (amount) due at the end of the given 
time is £1 ; and since the present worth is directly proportional to 
the sum due* we say 

this sum : sum due - £1 : present worth reqd ; 
therefore the present worth is found by dividing the sum due by the 
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amount of £ 1 at the given rate for the given time. The discount is 
found by subtracting the present worth from the sum due. 


Ex. 1. What sum of money must* be put out at compound 
interest for 3 years at 4 per cent, for the interest to come to 
£V- * 5 *? 


£. 

TOO 


l-o 4 

4'_ 6 

rofiifi 



r 124864 

'124864 ini, on#. 


) ( 161*285 

7-77720 
18536 
35^5 

jo66 


6 

.*. principal reqd=^26a. 5. 8# 


Ex. 2. Find the discount on ^324. 16, 9 due 4 years hence at 
3! per cent, compound interest. 


i 


t- 

\ row M .4.7.51,1 ) 314 8375 ( i a 3'°?74 present w 


30 

953331 


3 5313 

— 

1 '03500 

887 

3«>5 

8+ 

5*75 

4 

! 1 ‘07 1215 

3 H 37 

1 535 ® 

#514 . 16 . 9 sum due. 

283 . 1 . 6| present worth. 

| ['108718 

i 331 *' 

41 . 15 . discount 

i 5543 

r 147522 amount of £ i . 



Exercise 59. 

Find the amount at compound interest of 
t. #15. ro. o for 1 years at 3 per cent. 

1. #853. 16. 8 ... 3 5 

3. j£ + 5' 18. 9 ... 4 7 

4 - # 5 6 - 3 ' 4 - « 3 i 

5- #53-5-o ... 3 

6. #554. fi.9 ... 3 6 ! : 



33° PRESENT WORTH AND DISCOUNT. Ex. 59 . 

Fmd the compound interest of 
?• £i*S- A- o for 3 years at 4 percent 

8. 19 guineas ... 5 f _ 8 

9. ^97. 10.6 ... 4 4$ 

10. £87. 13. 8J 4 jJ 

11. J&617. jj. 6 ... 3 6& 

"* £ 1 S 7 ‘ * 4 - 8 ». 6 3 J 

13. £186.14.9 for rj years at 6 percent, payable half-yearly, 

U* j£< 5 + 6 . 18. 24 ... 8 quarterly. 

] 5 * £85°* 1. 6} ... 3 4J half-yearly. 

ik 3. 9 ... a 3$ quarterly. 

if- 3- 4 fof 2$ years at 34 per cent, per annum. 

1 8. £917. 5. 9 for a| years at 4I per cent, per annum. 

19- £439. 18. 4 for 4 years 5 months at 5$ per cent. 

2a £*35J« r 4. 8 for 1 years 10 mo. 15 da. at 6$ per cent, 
ai. Find the difference between the simple and compound interest of 
^1750. lor. for 3 years at 5J per cent. 

**• ^ and B each lend £787, rjr. for 5 years at 7J per cent., the former 
at simple and the latter at compound interest : find the difference belween 
the amounts they will receive at the end of the given time. 

23. What is the difference between the simple interest of 1000 guineas 
for 4 years at 3! pec cent., and the compound interest of the same sum for 
the same time at 3J per cent.? 

44. Find the difference between the simple and compound interest of 

£3333- 8 f° r 3i jea« at 34 per cent. 

45. The difference between the simple and compound interest of a cer- 
tain sum of money for 3 years at + 4 per cent, is £8, 13.7!: find the sum. 

16, A person at the beginning of each year lays aside £280, and employs 
the money at 34 per cent, compound interest : how much will he be worth 
at the end of ; years? 

27. The population of a city is 765240 and its annual increase is at the 
rate of 27 per cent,: what will be the number of its inhabitants at the end 
of 5 years? 

38. The population of England and Wales in April, 1871, was 
22704108, and the annual increase was 1*24 per cent.; what would be 
The population, estimated at this rate, in April, 1875? 
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19. What is the difference between the simple and compound interest 
of £517. 17. 6 for j years 9010. 45 days at 4$ per cent.? 

30. A banker borrows money at 3$ per cent, per annum, and pays the 
interest at the end of the year ; he lends ft out at 5 per cent, per annum 
payable quarterly, and receives the interest at the end of the year ; by this 
means he gains £100 a year : how much money does he borrow? 

31. What sum wilt amount to £405. 3. 4^ in 4 years at 5 per cent, 
compound interest? 

31. What sum of money must be paid now in order to receive .£"360. ioj. 
two years hence, allowing 3J per cent, compound interest? 

33. /i offers £80000 for an estate; B offers ,£95000 to be paid at the 
end of 4 years. Which is now the better offer, and by how much, allowing* 
43 per cent, compound interest? 

34. What principal put out at compound interest for 3 years at \\ per 
cent, will amount to £647. 151.? 

35. Find the discount on. £1150 due 4 years hence at 4^ per cent, com- 
pound interest. 

36. What is the present worth of a legacy of £4350 to be paid to a 
person on his coming of age, and who is now 16, reckoning 3! per cent, 
compound interest? 

37. What sum of money will in i J years amount to £245. jr. at 5^ per 
cent, compound interest, payable quarterly? 

38. Find the discount on £1450. 18. 9 due 3$ years hence at 3? per 
tant. compound interest. 

39. £10000 is due at the end of 4 years: find the difference between its 
present worth calculated at 5^ per cent, simple, and 5^ per cent, compound 
interest. 

40. What sum of money ought to be paid now in order to receive £365 
at the end of each year for the next 3 years, allowing compound interest at 
the rate of 4$ per cent.? 


STOCKS. 

345, When the English Government wishes to raise a sum of 
money which cannot be met by the annual revenue, it usually 
sells Annuities of £3, in sufficient quantities lo realize the sum 
required. These Annuities are payable half-yearly, and can be 
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transferred, wholly or in part, from one person to another : the 
Government reserving to itself the right of redeeming them at 
j£ioo each whenever it pleases, but allowing no corresponding 
right of redemption to the’ annuitant, Strictly speaking therefore,- 
the Government does not borrow money, nor raise a loan : what 
it does, is to incur the liability of paying regularly every half-year 
the amount of these Annuities. The price such an Annuity will 
realize depends on a great variety of circumstance ; it has 
ranged between ^47 § and ^107, and at the present time, May 
1881, is about .£102. 

, 346. When Government first issued Annuities, they were for 

limited periods, and a duty or tax was set apart as a fund for 
their complete discharge, and thus the Funds meant the duties or 
taxes set apart for the payment and redemption of Government 
Annuities. But when Government began to issue Annuities for 
unlimited periods, charging their payment upon the annual 
revenue, and setting aside no fund for their redemption, the Funds 
came to mean the sum of money which Government would require 
to redeem these Annuities at ^roo each, although no fund what- 
ever had been set apart for their redemption, and to invest money 
in the Funds, to purchase any portion of that sum. 

347. The capital of public companies, as of the Bank of Eng- 
land, the East India Company, &c., is called Stock, and the 
division of profits at the end of each half-year is called the 
dividend. In imitation of this language, the capital required to 
redeem the various Government Annuities is called the Stocks, 
and the half-yearly payment of the Annuities, although it is in- 
variable, is called a dividend. 

Hence every Annuity represents ^100 Stock, or ^100 in the 
Funds : and so for any number of Annuities and portions of an 
Annuity, 

348. When the price of £\oo Stock, or of an Annuity, is ex- 
actly ^100, it is said to be at /ar, if below ^too at a discount, 
and if above £100 at a premium. 
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349. The most important of the Stocks are the following : 

(1) Consolidated Annuities or Consols, so called from the 
consolidation of the stock of various Annuities into a joint 3 per 
.cent, stock. They amount to about .£395,000,000 stock. 

(2) Reduced Annuities, so called because they have been re- 
duced to a ^3 Annuity from a higher Annuity : they amount to 
about £1 05,000,000 stock 

(3) New three per cent. Annuities, which have originated from 
the conversion of a higher Annuity to a 3 per cent. Annuity : they 
amount to about ^196,000,000 stock. 

besides these, there is a small amount of new 2J per cent. 
Annuities, and prill smaller amounts of new 3I per cent, and 
new 5 per cent Annuities. 

350. Consols are paid half-yearly on. 5 Jan. and 5 July : Re- 
duced Annuities and New Three per cent. Annuities on 5 April 
and 5 Oct. : the price of the two latter ought therefore to be 
always the same, but ought to differ from that of Consols either in 
excess or defect by £ of ^3, or : hut owing to the comparative 
scarcity of Consols on the Stock Exchange, their price is ad- 
ventitiously higher than that of New or Reduced. 

351. Consols and other Stocks are usually quoted on the Ex- 
change between two prices, for example, 

3 per Cent. Consols 1015 to 101J, 

Consolidated Bank ... 3$ ptem., 

London and North-Western Railway 159^ 160, 

and these figures express that buyers are bidding at the first price, 
and that sellers are offering at the second price : and the sale is 
effected according to the temper of the market at one of the two 
prices or at an intermediate one. 

The purchase and sale of Government Stock is made through 
a broker, who charges at the rate Of or 21, 6 d. per cent, 
upon the amount of Stock he buys or sells : hence, if the 
broker buys Consols at 92$ the actual buyer will give 92§ + J 
or p2|, and if the broker sells at 92^ the actual seller will receive 
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9iirr$or 92’. The broker’s charge on transactions in Foreign, 
Railway and other Stock is not uniform : but is usually a per- 
centage cm the proceeds. 

Remark. When in any question we wish the broker’s charge 
to be allowed, it will be followed by the letter B. 

352. All questions in Stocks may be solved by Reduction to 
the Unit, or by Rule of Three ; as may be seen from the following 
Examples. 

Ex. 1. When the 3 per cent. Consols are offered at 90^ how 
much stock can be bought with ,£825 ? B. 

Here 90J+-J ar qoj will purchase ,£100 stock, at t^e same rate how 
much stock will /’8-J5 purchase? therefore we have 

£9 «»l ♦ / 8 j$ ~£ too stock : stock reqd; 

.’.stock reqd -;£toox 8:5 =£909. t. 9$^,. 

Ex. 2. How much must be given for /1750 stock in the 
3^ per cents, when the price is 96^ ? B. 

Here ,£100 stock can Ire bought fur 96$ + J Or 96$, at the same rale 
what can /1750 stock be bought for? 

.•./too stock : ^1750 stock =;£pd| 2 cost reqd; 

cost reqd =4 -g* x -JjPi =£1696. 11. 3. 

Ex. 3. How much will be received from the sale of ,£2450. ,to 
Stock, when the quotation is £96.^ for sale ? B. 

Here £100 stock realizes 96J — or ^96^, at the same rate what will 
£1450. to stock realize? 

^roo stock j ^450. 10 stocks £y 6 { : money realized. 

Ex, 4. What amount of India Five per Cent. Stock at III) 
must be sold to realize ^1776. 15/.? 

Here /too stock realizes £li\\, al the same rale how much stock 
will be required to realize ^£1776. 15? 

2 Z‘77^=/ioo stock : stock reqd. 
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Ex. J. What rate per cent, is obtained on money, invested in 
the Two-and-a-half per Cents, at 74$ ? B. 

Here 744+ ', or £14^ produces £%^ pet annum, at the same rate 
what will >£100 produce? 

Jo 7+4 ; £100- : rate pet cent. reqd. 

Ex. 6. At what price would a person have to purchase Three- 
and-a-half per Cents, to get 4 per cent, for his money ? B. 

Here, investing £100, he wishes to get £4 per annum, at the 
same rate how much must he invest to get 34? 

• £4 ■ £3b~£'°° 1 £87$ price reqd of 34 per cent, stock. 

But 4,874 includes the broker’s charge of £%, therefore the quotation 
must be j£8/f. 

Ex. 7. What? income is derived from /377s. 12. 6 Stock in the 
New Thrce-and-a-half per Cents.? 

c 

3775 **5 

3 

J 113*6875 

4 1887812 . r 

— — Income */, 13a. ?. ui. 

13*' 14687 * J 4 

Ex, 8, A person invests ^1545 in India Four-per-Cent. Stock 
at ioo|; find the amount of his half-yearly dividend. 

Here ^iooJ produced a yearly Dividend of £4, or a half-yearly 
dividend of £2, at the same rate what Dividend will ^1545 produce? 
/100J : ^1545=^2 : half-yearly Dividend reqd, 

Ex. 9. How much money must a person invest in the Three 
per Cents, at to obtain an annual income of ^187. 10? B. 

To obtain an income of ^3, he must invest or j£ 9 »{, at 

the same rate how much must he invest to obtain /187. to? 

•'•£i ' ^»87l-^9«i 1 money TeqcL 

Ex, 10. A person invests ^850 in Consols when they are at 
89^, and sells out when they are at 93$ : what is his gain? B, 

Here an Annuity which custs £89! is sold for j£v3i> therefore on 
£%$ there is a gain of £i\- } at the same rate what will be the gain 
on £850? 


jftyi '• ^5<> = jCj4 : gain reqd. 
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Ep. n. A person buys Railway Slock at 89!, and sells out at 
ioji, and clears ^385 : how much money did he invest ? 

Here what cost him ^89! he sells for jfiojJ, and therefore, on in- 
vesting /89I. he gains £1 3$ ; , 

jfi^| : ,£38} “/89J : money reqd to he invested 
Ex. 12. Whether is it better to invest in the Three per Cents, 
at 92 J, or in the Four per Cents, at io8§? B. 

Here jfp3 invented in the 3 per cents, produces yearly : how much 
would £q$ invested in the 4 per cents, at 108$ produce? The answer 
is got from the following statement : 

jo81 : 93=^4 : "'hat ^93 produces in 4 per cents-; 

. what £93 produces in 4 per cents. x 93 x rf 7 -£jl; 
the 4 per cents, is the better investment. 


Ex. 13. Find the difference per cent, in income between invest- 
ing in the Three per Cents, at 924, and in the Four per Cents, 
at loSf? B. 

£y$ invested in the 3 per cents, produces yearly £1 ; 






Similarly £1 . ■ . . + per cents °r £~- 

/.difference in income on £i-£~- -£* ~£~, 

117 31 11 7 

and difference in income per cent, = 9, 3^7,'. • 


Ex. 14. A person transfers ^3622. 10 Stock from the Three 
per Cents, at 92J to the Four per Cents, at ioo§ : find how math 
of the latter Stock he will hold, and the alteration in his income. 
The quantity of Stock held is invert tly proportional to the price; 

/'oof : £ 9 ‘ik ss £i^' ti i ’■ Stock in 4 percents. ; 

.'. Stock in 4 per cents. x 3 ^x ^=^332 '• 

Now income from 3 per cents. =£jf>2i^ x ^ =j£i08. 13.6, 

and , . . . 4 per cents.* ^3341x^=^131. id 9i|j 

.-. alteration in income =^14; 3. 3)f 
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Ex. 15. The Three per Cent Consols are paid on 5 jV; 
what rate per cent, is obtaiued in buying Consols on 23 April 
at93|? ' 

* From j Jan. to 13 April is 108 days: and 

lot. on £100 for 108 days at 3 per cent, is 1 ji. gj. 

Now £93. 1 5, 0 Price of Consols including broker’s charge ; 
and o. 17. 9 Growing Dividend; 

9 4 * * 7 * 3 Net Price. 

Hence £9*. f?. 3 :/ioo=/j : Rate per cent, 
or Rate per cent. =£3. 4. 7$. 


Exercise 60. 

How much Stock can be purchased for 

*• Cm 7 - 4 - 9 in the Three per Cents, at 95}? R 

*• £12546. 13. 8 in India Slock at 15a? 

3 * j 6 i? 5 ^ 9 ’ 5 ' n Italian Five per Cents, at 65!? 

4- ^6451. 3. 6 in Bank Stock at J17I? 

5. £630. ry. 6 in L. Railway Stock at 17! below par? 

& £i*p. 13- 4 in M. Railway Stock at above par? 

How much money can be obtained from the sale of 
7 . £9763. 6- 8 Consolidated Annuities at 97? B. 

8 - £ 79 * 5 * 8. 4 Reduced Annuities at 98 J? B. 

9 - £ 75 k 18. 9 New South Wales Stock at io6|? 

n>- £ I2 5 °' 'O' 6 Stock in the Dutch Four per Cents, at 6+\? 

How much money must be given for the purchase of 
1 1. £673. 6. 8 Stock in the Russian Five per Cents, at 90^? 
n. &550 Railway Stock at 97I? 

•J- C&H’ !$• Consols at 91I? B. 

14. £10000 Bank Stock at u if? 

15. What amount of Consols must be sold to realise £3515. a. 9 wheu 
the sale price is 91 |? B. 

16. What amount of Railway Stock must he sold, when the quotation is 
la} above par, to realize >£5653. 10. 6? 


B.-S. A. 


22 
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Wnat interest per cent, per annum is obtained from investing money in 

17. Three per Cent. Consols at 91$? B. 

18. Dominion of Canada Five per Cent. Stock at 105I? 

19. L. Railway Stock at 1 1 whose dividends are at the rate of per 
cent, per annum? 

io. M. Railway Stock at 8ity, whose half-yearly dividends arc at the 
rate of ai percent,? 

At what price must a person purchase 

it. Three per Cent. Consols to obtain 3J per cenl. for his money? 

* si. Italian Five per Cents, to get tty per cent, per annum on the money 
he invests? 

13. Two-and-a-half per Cent. Stock to obtain 3J per cent, on any in- 
vestment he may make in them? 

14. Bank Stock paying half-yearly dividends at 4! per cent, to get 
£3. 6. 3 per cent, per annum for his money? 

15. A person holds £3852. j j, 6 Stock in the L. and Y. Railway: find 
his half-yearly dividend calculated at the rate of per cent, per annum. 

16. What annual income does a person derive from^ijSjJ. 18. 9 Stock 
in the Three per Cents, and £3247. 8. it Stock in the New Three-and-a* 
Half per Cents.? 

What income per annum will a person obtain from investing 

V- 1C 1 3 S° i 11 the Threc-and-a- Ha If per Cents, at 975 ? B. 

18. ,£37643. 1 7. 6 ui the Three per Cent. Consols at 9 1 \ ? B. 

19. £3923. 151. in the Argentine Six per Cents, at 64 J? 

30. £*175. ior. in G. Railway Stock at 89 J, whose dividends are at 

the rate of 4$ per cent, per annum ? t 

31. £3614. 19. 6 in L. and Y, Railway Stock at 159^, whose dividends 
are at the rate of 7I per cent, per annum ? 

31. *78765 fr< 8 S c - M Three per Cent. French Rentes at 63 fr. 35 c. ? 

How much money must a person lay out in 

33. Three per Cent. Consols at 90! to secure an annual income of 
£146. lor. ? B. 

34. Tbree-and-a-Half per Cent. Reduced Annuities at 96$ to obtain an 
income of 100 guineas per annum ? B. 

35. L. Railway Stock at 115&, paying half-yearly dividends at the rate 
of ij per cent., to obtain an income of £153. 13, 4 a year? 
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jtf. Egyptian Seven per Cents, at 78! to get ail annual incoirts of 
' 8. 9? 

37. Bank Stock at paying annual dividends at the rate of 10 per 
cent., to derive an income of /545.<t8. 9 a year? 

38. If I lay out ^1359. 15J. in the purchase of Consols at 92! and after, 
wards sell at 94J, what profit shall I make ? B. 

39. A person expended £1653. r<M * * n ihe purchase of New Three-and- 
a-IIalf per Cents, at 9?!, and after a time sold out at 96$ : find his loss. B, 

40. A person laid out /ajso in a Three-and-a-Half per Cent. Stock at 
91, and after receiving the half-year’s dividend he sold out at 90^ : how 
much did he gain ? 

41. A person held ^3559. i<w. Stock in the L. Railway, having bought 
in at 1 1 ji •. he received the half-year's dividend at the rate of 5^ per 
cent, per annum, and then sold out at 119I: how much money has he 
made? 

4a. A person bought Dutch Four per Cent. Stock at 65I, and sold it 
when the price had risen to thereby clearing £115. n. 6: how much 
money did he lay out? 

43. A person bought M. Railway Slock at 88|, and after receiving the 
half-year’s dividend at the rate of 4$ per cent, per annum sold out at 93! 
and made a profit of to;. : how much Stock did he buy? 

44. If a person invest /U654 in South Australian Stock at 99I, at 
what price must he sell to gain/1581. 151,? 

45. If a person invest /2535c in the Three per Cent. Consols at 92J, at 

hat price must he sell out after receiving the dividend to make a profit of 

/ 5 5 ° ? 

4<5. Whether is it better to invest in the Three per Cents at 89$, or in 
theThree-and-a-Half per Cents, at 95? B. 

47. Whether is it better to invest in the Two- and -a- Half per Cents, at 
or in the Fout-and-a-Half per Cents, at 103I? 

48. Compare the two investments : Three-and-a-Quar ter per Ceijt. Stock 
at paj and Three per Cent. Stock at 87J. 

49. Whether would it be better to invest in L. Railway Stock at 117^ 
whose dividends are 5$ per cent, per annum, or in M. Railway Stock at 89} 
whose dividends are 4$ per cent, per annum? and compare the two in- 
vestments. 

50. Which is the better investment per cent, per annum, and by how 
much ; Rank Stock at 11 j| paying dividends at the rate of 8 per cent., or 
Three per Cent. Consols at 93^? 

22 ~2 
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5/1 A person holds ^3545 Consolidated Annuities : if he sells out at <p\ 
arid invests the proceeds in the Two-aml-a-Half per Cents, at 75$, how 
much or the latter Stock will he hold? 

51. A person held /VSjof 17. 6 Stock in the Thrce-and-a-llalf per 
Cents.; he sold out at 91$ and transferred the proceeds to Railway Slock ' 
at 1 r; 4 : how much Railway Stock does he hold? 

53. A person invested £5330 in the Three per Cents, at 91, and when 
they had risen ijf per cent, he sold out and invested the money in the Stock 
of the Dominion of Canada at 1024. how much Canadian Stack does he 
hold? 

34. A person invested /4950 in the Four per Cents, at 99$, and when 
they had risen to par he sold out and invested the money in Consols at 6J 
discount : what unwind uf Consols does he hold? 

55. A person laid 0^^749. 5 r. in the purchase of Five per Cent. Stock 
at par, and after receiving the half-yearly dividend he sells out at 4 premium 
and invests the proceeds in C. Railway shares at 87! : how much Railway 
Stock does he hold? 

56. If a person transfer /3000 Stock in the Three per Cents, at 89} to 
the Threc-and-a-hialf per Cents, at 98^, find what amount of the 'latter 
Stock he will hold, and the alteration in his income. 

57. A person transfers ^1708. 7. 6 Stock in the Four per Cents, at 1024 
to the Three per Cents, at 88| : find the alteration in his income- 

58. A person expended ,£3563 in the purchase of Two-and-a-Half per 
Cents, at 6 if, and when they had fallen to 58 he sold out and invested the 
money in the Four per Cents, at 964 : find his gain or loss in income. 

59. A person derived an income of ,£216. 19. 2 from Slock in the Four 

per Cents.: this Stock he sold out at par and invested the proceeds in M. 
Railway Stock at 148}, whose annual dividends ire at the rate of 7 per 
cent.: find the alteration in his income. 1 

60. A person has an annual income 0^191. £t. from Stock in the Three 
per Cents.: if he were to sell out at 92} and invest the money in Five per 
Cent. Stock of New Zealand at 105, how much of the latter Stock would 
he bold, and what would be the alteration in his income? 

61. Whit rate per cent, is obtained in buying Three per Cent. Reduced 
Annuities on 17 Feb. at 92$? B. Thi Dividends are paid on 5 April and 
j Oct. 

61. A man invests ^8063 in the Three per Cents, at 94S : what will be 
his clear income after an income-tax of lod. in the pound has been de- 
ducted? B. 
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63. What sum must a man invest in the Three per Cents, at 9% in 
onkf to have a clear income of ,£330 after paying an income-tax of 10 d. in 
the pound? 

64. What must be the price of the Thre£ per Cents, so that by investing 
^31850, a man may have a clear income of ^1030. ior. after an income-tax 
of lid. in the pound has been deducted? 

65. When the Two-and-aTIalf per Cents, are at 83 what ought to be 
the price of the Three-and-a-llalf per Cents, to give the same rate of 
interest? 

66. A gentleman in Australia has been receiving ti per cent, on his 
capital in the colony; he brings his capital home, invests it in the Three 
per Cents, at 94!, and his income in England is £1^00 a year ! what was 
his income in Australia? 

67. The income derived hy a legatee from money invested in his behalf 
in the Three per Cents, at 934 is ,£ 68 . 3. 6. What was the amount of the 
legacy? 

68. A person holds £467$ Stock in the Five per Cents.: what sum must 
he lay out in the purchase of Four -and-a- Half per Cents, at ior| so that his 
income from both sources may he ^843. ior.? 

69. A person invests ,£5187. tor. in the Three per Cents, at 83, and 
when Lhe funds have risen to 84 he transfers three fifths of his capital to the 
Four per Cents, at 96 : find the alteration in his income. 

70. A person sells out of the Three-and-a-Half per Cents, at 9 if and 
Tealt7.es j£i 8550. If he invests two-fifths of the produce in the Four per 
Cents, at 96, and the remainder in the Three per Cents, at 90, find the 
alteration in his incume. 

jl. A man invests ^4197. iox. in the Three per Cents, at 95^. lie sells 
out one-third when the funds have fallen to 94, £ 1600 Stock when they have 
risfci to 96ft and the remainder at par. What sum does he gain? If he 
invests the proceeds in the French Three per Cents, at 67’ijo, what would 
be the difference in his income? 

71. A and B are two railway companies that pay respectively 4$ per 
cent, and 1 ’ per cent, per annum on their /1 00 shares. When the price of 
a share in A is ro 1 f and in B jif, in which company is it more advantageous 
to invest? and what is lhe difference of income that would arise from the 
investment of ^17415 in one rather than in the other? 

73, Which is the belter investment,— Three per Cent. Stock at 87!, 
or shares at £133 each, on each of which a dividend of £t. 13. 4 is paid 
annually? How much more money must be invested in one rather than in 
the other to produce an annual income of ^460? 
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J4» A person possesses ^3100 Three per Cents, which he sells at 99I : 
he invests the proceeds in railway shares at £ 4 \ a share, which shares pay 
j per cent, interest on ^45, the amount paid on each share. How much is 
his income altered by the transaction? 

75. What amount of Stock must he sold out of the Three per Cents, at 
87J to pay the present worth of ^1645. *7- & due 10 mont hs hence at 3 J 
percent.? 

76. If the Three per Cents, be at gif, and the Four per Cents, at iljl, 
in which should one invest? and how much is one investing id each when 
the difference in income is half a crown? 

77. If the French Three per Cents, be at 60 when lire English are at 95, 
the exchange between the two countries being 13 francs to the pound, how 
much French Stock in francs can be bought by selling £6000 Stock out of 
the English funds? 

78. A person derived an income 0^434. 15A from the Three per Cent. 
Consols: he sold out at 9 1 J and invested the proceeds in the Foui -ar.d-a- 
Half per Cent. French Rentes at 9870, the rate of exchange being 15 fr, 60 c. 
for/i : what income does he derive from the Rentes in francs ? 

79. A person haring to pay ^1085 at the end of 1 years invested a 
certain sum of money in the Three per Cent. Consols, allowing the dividends 
to accumulate until the payment of the debt, and also an equal sum the next 
year; supposing the investments to be made and the debt to be paid when 
Consols are at 73, what must be the sum invested on each occasion that 
there may be just sufficient to pay the debt at the proper lime? 

80. If a person invest in the Three per Cents, so as to receive 3 per 
cent, clear on his investment when there is an income-tax of 9 d. in the 
pound, what percentage clear does he receive (1) when the income-tax 
is reduced to jdf. in the pound, and (a) when it is raised to 11. in the 
pound? 

81. In the Three per Cents, what fraction of a given amount of Stock is 
paid far annual interest, {1} without any deduction, and (a) after a deduction 
of 91?. in the pound for income-tax ? 

What is the amount of Stock for which .£115. to*- is paid as annual 
interest after 9 i. in tbe/i has been so deducted? 

81. A proprietor of Three per Cent. Consols receives his half-yearly 
dividend and lays it out in the purchase of more Consols at 90. His next 
half-year’s dividend is/457. tor.: how much does this dividend exceed the 
former? 
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85. A person after paying an income-tax of 7 d. in the pound has a^lear 
income of £262. t. 6 derived from Stock in the Four -and-a-Half per Cents. ; 
he sells out two- thirds of this Stock at 9jf and invests the money in L, 
Railway Stock at nsj, which pays 5J per ^cent. per annum: what is now 
his clear income after paying the income-tax as before? 

84. If the Three per Cents, be at 95, and the Government offer to 
receive tenders for a loan of /e, 000, 000, the lender to receive 000,000 
Stock in the Three per Cents, together with a certain sum in the Three-and 
a-Quarter yer Cents., what sum in the Three-and-a-Quarter per Cents, 
ought the lender to accept? 


EXCHANGE. 

353. Exchange, or Foreign Exchanges, is concerned with 
the payment of a sum of money in the currency of one country by 
means either directly or indirectly of an equivalent sum in the 
currency of another country. Thus, if A in London owes B in Paris 
6754/r. 40 c., the first question is how must he go to work to dis- 
charge the debt, and the second what rate of exchange must he 
used in the discharge, or in other words, what relation must exist 
between the sovereign and the franc, the units of money of the 
countries, in making the payment. On both these points, the mode 
of payment and the rate of exchange, we shall now offer some short 
explanations. 

354. The payment of a sum of money due abroad may be 
made by sending 

(1) specie, that is, coined money ; 

{2) bullion, that is, gold or silver in bars ; 

(3) a bill of exchange. 

If payment of a sum of money, due in France, be made by 
sending specie there, we must ascertain how many francs will be 
given for a sovereign at the French mint ; and this is deduced by 
making a comparison between the weight and fineness of the 
metals composing the sovereign and the Napoleon. The result is 
found to be ['2585 Napoleons or 25*170/ (Ex. 3 seq.), and is called 
the par of exchange: and generally— the relation between the 
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standard coins of two countries, as determined from their intrinsic 
value, is called the nominal rate of exchange, or par of exchange. 

The value of any weight of French gold coin is 15^ times the 
value of the same weight of' silver coin ; but this relation between 
gold and silver does not always obtain in the open market : hence 
we often see that gold is at so many mutinies, or at so much 
per mille premium ; and in sending specie to France this premium 
must be taken into account. Thus, at the par of exfhange £1 
is equal to 25*1 70/, but when gold is at 4 per mille premium 
£\ is equal to 25*170/ + ‘ioi/. J or to 25*271/ 

In England the gold coin and the metal composing it arc 
of the same value, and therefore a person only consults his con- 
venience whether he exports gold in specie or in bar; but it is 
otherwise with silver. Coined silver with us is worth 66 j. per lb., 
or 51, bit. an oz. : whereas its marketable value is only about 5^. 
an oz., and therefore, when stiver is exported, it is always exported 
in bar, and never in specie. 

It is only, however, under exceptional circumstances that a 
debt, due abroad, is paid by sending specie or bullion : the usual 
method is by a Bill of Exchange. When a merchant ships goods 
from one port to another, as from London to New York, he draws 
a Bill for their amount, payable in London, on the merchant in 
New York, who accepts the Bill. If now the exports from London 
to New York be equal in value to those from New York to 
London, the amount of bills due in London by New York will 
be equal to the amount due in New York by London : or tlie 
claims and the liabilities of New York in London will be equal, 
and the former may, by a suitable arrangement, be employed in 
satisfying the latter: and the same may be done with regard to 
the claims and liabilities of London in New York, and thus the 
transmission of bullion from either place to the other may be en* 
tirely avoided. The following is the usual mode of proceeding : sup- 
posing I owe 2000$ to a merchant in New York, I go to a banker 
who specially undertakes such transactions, and buy a bill for 
the given amount, payable in New' York, at a rate of exchange 
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agreed upon between us ; [ transmit the bill to my creditor,, who 
presents it to the person on whom it is drawn in New York and 
receives the amount, 

355. As wc supposed the exports i/om London and New York 
to he equal, creditors in London will be as anxious to sell bills on 
New York as debtors to buy them, and the real rate of exchange 
will deviate but slightly trom the par of exchange. But suppose the 
exports frpm New York are in excess of those from London, or the 
balance 0) trade is in favour of New York and against London, 
the claims of New York in London will be in excess of its 
liabilities, and the London importers will give more than the par 
value of such hills as may he got, to avoid the cost of trans- 
mitting bullion ; and on the other hand, for the same reason, the 
exporters in New York, not finding sufficient purchasers for all 
their bills on London, will sell them at less than their par value. 
Now— the real rate of exchange between two countries depending 
on the balance of trade, is called the course of exchange ; and the 
course of exchange is at a premium or a discount according as it 
is above ot below the par of exchange. Of course no merchant will 
give a premium or submit to a discount greater than would cover 
the cost of transmitting specie or bullion. 

356. But suppose that the balance of trade is against London 
*as regards New York, but in favour of London as against Ham- 
burgh ; the London merchant may find it advantageous to remit 
to Hamburgh, and then for Hamburgh to remit to New York: 
afid this methud is adopted wbeu the course of exchange by 
this circuitous route is less than the direct course of exchange. 
But— the finding the course of exchange between two places, 
calculated from a comparison of the courses of exchange be- 
tween them and one or more intervening places, is called the 
Arbitration of Exchange. If one place only intervene the Arbitra- 
tion is Simple , and when more than one Compound. 

357. The rates of exchange at which bills have been negotiated 
on foreign places are published in London every Tuesday and 
Friday in the following form 
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COURSE OF 

EXCHANGE. 


Paris 

Short 

j 45 to 

3 5 ” 

Do. 

3, its. 

| as 3° » 

n 35 

Berlin 

,, 

! 40 60 „ 

40 64 

Petersburg 

„ 

, 48 „ 

47* 

Vienna 

»» 

| *3 0 .» 

13 10 

Lisbon 

90 days 

1 ?4{ .* 

54 


The meaning of this abbreviated Course is Bills of Paris at 
short sight have been negotiated at prices varying from 25/ 
to 25/ 22\c. for £i, and Bills at 3 months from 25/ 30 c. to 2 $ f 
35<r. for^i : Bills on Berlin at 3 months at prices from 20 tn. $*>pf. 
to 20 m. for £ 1 : Bills on St. Petersburg at 3 months at 28 d. 
to 2?| d. for 1 rouble : Bills on Vienna at 3 months at i}fi. to 13/. 
lo kr. for £\: and Bills on Lisbon at 90 days at 52 \d. to 52 d. for 
1 milreis. 

In the exchange on Paris £ 1 is called the fixed price, and the 


varying number 

of ftancs 

and centimes the variable price ; on 

Lisbon 1 milreis is the fixed price, and the number 

of pence the 

variable price. 






MONEY TABLE. 



France, Belgium, 





Switzerland 

i 




Italy .... 

. 1 lira 

» 100 centesimi 

Lo. 

9$ nearly. 

Spain .... 

. 1 peseta 

= 100 centesimos 



Greece .... 

. I drachm 

1 = ico lepta 



German Empire. 

. 1 marc 

^ 1 00 pfennige 

SO . 

n| .. 

Austria . , . 

. 1 florin 

- 100 kreuzers 

= I . 

Ill - 

Russia . . . 

. t rouble 

= 100 copeks 

=3 • 

li ... 

Denmark . . . 

. 1 krone 

= too ore 

SI . 

it ... 

Holland . . . 

. 1 florin 

= too cents 

= 1 . 

8 ... 

Portugal • • . 

• r milreis 

= 1000 reis 

“4 • 

6 ... 

United States . 

. t dollar 

* too cents 

=4 • 

ift 

India .... 

. 1 rupee 

=s 16 annas 

= 1 . 

io| ... 


Francs, lire, pesetas, and drachma! are declared by the French Monetary 
Convention to be of equal value, and to be interchangeable with one another 
in those countries where these coins are in circulation. 
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Ex. 1. Find the par of exchange between the U. S. gold ingle, 
weighing 258 grains ^ fine, and the sovereign of which 1869 weigh 
40 lbs. of gold ft fine. 

£& reqd= 1 eagle, 

1 = *58 grs. $ standard, 

10=9 grs. fine, 

1 1 ~ 1 1 British standard/ 

5760=1 lb. 

40-/1869; 

£& Tcqd- 3 ~ - x 8<?9 = 3*054838, 
n 10x11x5760x40 * * 

i.e. 1 eagle =/r 054838... 

1 dollar gold =/‘ 20548 38... ^4*109676/. 

=4*. rjrfrf. =41. 1^. nearly, 


Remark. Formerly the rale of exchange of New York on Ixrndon was 
a variable mimher of dollars for £u. lOi., this §xed price being adopted 
because it was equal to 100 dollars at 4#. 6 d. each ; but now the rate of 
exchange is a variable number of dollars and cents for £1. The par of 
exchange is, as we have just found, 4*8665 $ for £1. 

Ex. 2. Find the relation between the sovereign and the 
Napoleon, as determined from the intrinsic value of the two 
•coins (1) 40 lbs. British standard gold, ft fine, is coined into 
1869 sovereigns; (2) 1 kilog. French standard gold, / 0 - fine, is 
coined into 155 Napoleons ; (3) I kilog. is equal to 15432 grains. 

Napoleons reqd -£i, 

1869=40 lbs. British standard, 

11=1 1 lbs. fine, 

1=5760 grains 

«S43i= 1 kilog 

9=10 kilog. French standard, 

1 = 155 Napoleons; 

i.e. /t»i‘46no6 Napolccm= 35*22? u francs 
= 15/ Hf. 
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Er 3. What is the value of a sovereign in France, or at the 
French mint ? 


A person taking a kilogramme of standard gold, fine, to the French 
Mint will receive is$ Napoleons, or 3100 francs; but then he mast pay 
a mintage of 6f, 70 c., so that in reality he only receives 3093 f. 30c.: 
hence we have 

Francs retjd — r sovereign, 

1869-40 lbs. British standard gold, « 
ii = 11 lbs. fine gold, 

1=5760 grains 

■ 543*= » kilog 

9 = 10 kilog. French standard, 

1 = 3093 3 francs; 


i 1 . francs reqd = 


♦oxi'* 

1869 


< 576ox ;c x 3 ° 9 .VJ_. 
>: 12x15431x9 


75*168, 


Lc. ^1-05/ 17 (. 


Ex. 4. The price of standard gold is ^3. 17. io£ per 0;., and 
in Paris it is at 4| per mille premium: find the rate of exchange 
in Paris; and if the short exchange be 2560, find how much per 
cent, gold is dearer in London than in Paris. 

By short exchange is meant exchange on bills at sight, or at short sight, 
which is usually 3 days. 

Since jfj 17. toj per oz, is equal to ,£1869 per 40 lbs., we have from 
the last example: 

j£i in Paris = 25*170 f. 

4 j per milie prem. - • 1 10 ; 

rate of exchange =25*390. 

But short exchange =25*60; 

.-.diff.= -31. 

Hence /l in I/mdon will purchase 25*60 f, but in Paris only 25*29 f., 
therefore it is *31 f. dearer in l^ondun than in Paris : 

but 15*60 : roo = '3t i r'Ji, 

or gold is nearly i| per cent, dearer in Ixindon than in Paris. 
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Ex. J. Exchange ^676. 17. 6 for francs, when the rajp of 
exchange is 25/ 17$ c. for £\. 

* 5 'i 75 

677 

176215 
1761*5 
*51050 
I W 475 

ir. 6rf. is I 3**46875 

17040-318115= 17040/ 33 

Ex. 6. Find the arbitrated rate of exchange between London 
and Paris when the course of exchange between London and 
Amsterdam is 12 florins 3I stivers for £\, and between Amster- 
dam and Paris 209^ francs for 100 florins, i stiver =5 cents. 

Francs reqd^j£i, 

j£l = iri<>t5 florins, 

100=209^ francs; 

, , ii'idij x joq| , 

francs ieqd= - -ic'iS Irancs, 

1 too * 

or London gives *5/ 45c. for £i- 

Ex. 7. A New York merchant remits 27940 florins to Amsterdam 
»by way of London and Paris, at a time when the exchange of New 
York on London is 4 '88^$ for £l, of London on Paris is 25/r. 40 c. 
for /j, and of Paris on Amsterdam is 212 francs for 100 florins; 
^per cent, brokerage being paid in London and in Paris. 

Dollars reqd = 17940 florins, 

100=211 fr., 

loo - 100J fr. with brokerage, 

1540=1001^3 


, 2 7040X112 

Dollars reqd— 5 — 5 

^ 100x100x2540x8x8 


801x4885 


= 11420$ 31c. 
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Exercise 6i. 

i. How many francs will be given in Paris for ,£688. i+, 8 when the 
course of exchange is 35 f. 42 Jc.-for £1 ? 

I, How many dollars must he given for a letter of credit on London 
for ^2346. i<m., when the exchange is 489 c. for £1 } 

3. Exchange £598. 16. 9 into money of the German Empire, the 
course of exchange being 20 m. 54 pf. for £1 • 

4. Exchange £ir;o. 13. 9 for florins and kreuzers of Vienna, the rate 
of exchange being ufl. Sjkr. for^r. 

5. Reduce /1857. 14. 3 to rupees, &c. at the rale of u. u\rf. for l 
rupee. 

6. How many florins and cents, at Amsterdam must be given for a bill 
on London for ,£745. 3. 6, at the rate of 11 fl. yjc. for £\ ? 

7. What sum of money in London must be given for a bill of 13643*25 $ 
ou New York, when the rate of exchange is reckoned at 4*85 $ for £1 ? 

8. Reduce 37847 lire do c. to Hamburgh currency, the rate of exchange 
being 114I lire for too marcs. 

9. A traveller goes to Paris with £57. tor., which he exchanges for 
French money at the rate of 25 f. 35 c. for £1, During his stay in 
France he spends 830!. 30 c., and on leaving exchanges the remainder of 
his French money for English at the rate of 25 f. 20c. for £l. What sum 
will he receive ? 

10. A person on leaving England exchanged his money for French 
money at the rate of 23 francs for £\ ; and on arriving at Vienna receives 
*33 (pe3per) florins for 15 10-franc pieces: what was his loss in English 
money, supposing a florin to be worth is. and what was his loss in 
French money? 

II. Some years ago to pay 18 kreuzers I gave a thaler, and received 
back 23 kreuzers 10 silber-gruschen and half a gulden ; — t thaler was 
30 silber-groschea, and 1 gulden was 60 kreuzers : how many gulden were 
worth 4 thalers ? 

ij. When £ 1 is equivalent to 23 f. 35 c, to so m. 64 pf. and to 1 3 fl. 5 kr., 
what is the value of 36980 marcs in English, in French, and in Austrian 
money? 

13. What is the arbitrated rate of exchange between Hamburgh and 
Paris in francs per 100 marc?, when the course of exchange between London 
and Paris is 25*43 francs lor £1, and between London and Hamburgh 
2048 pfennige for £\ ? 
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14. When the exchange between London and Paris is 15 fr. 60 c. fjc £1 
and between Lisbon and Paris 5574 centime* for 1 milreis, what is the 
value of the milreis in pence ? 

15. Lhe rate of exchange between London and Petersburg is 31 \d. 
for one rouble, between Vienna and Petersburg is 95 1 florins for 60 
roubles, and between Paris and Vienna is 93$ florins for 200 francs ; find 
the arbitrated rale between London and Paris in francs for £1. 

16. Fiigl the arbitrated rate of exchange between Vienna and London 
in florins and cents for j£i, when the exchange between Paris and Vienna 
is -mi francs for roq florins, between Paris and Berlin 114$ francs for roo 
marcs, and between Berlin and London no marcs 50 pf- for £1. 

1 7 ■ When the exchange between London and Lisbon is sijrf. for 
1 milreis, Lisbon and Paris 551 francs for 100 milreis, Paris and Hamburgh 
1 Hi francs for 100 reichmarcs, Hamburgh and Amsterdam 166 marcs 40 pf. 
for 100 florins; what is the corresjionding exchange between Amsterdam 
and London in florins and stivers for ^1? 

]8, A merchant in London owed another in Petersburg 2460 roubles 
50 copek5, which he remitted through Paris when the exchange between 
London and Paris was 15ft-. 35 c. for j£l, and betw-een Paris and Petersburg 
339 centimes for t rouble. Shortly afterwards the exchange between 
London and Tatis was 45 fr. 6i|c. (or £\, and between Paris and Peters- 
burg 337 c. for one rouble. How much would he have gained by the delay? 

19. Find the value of j£t in marcs and pfennige of North Germany, 
^having given that 1 kilogramme of fine gold is coined into 1394 co-marc 
pieces, that r lb. of standard gold is coined into 46^ sovereigns, that 
standard gold*is fine, and that 1 kilogramme is 15431 grains. 

*■10. Calculate the par of exchange between the dollar and the shilling 
when British standard silver is valued at 5*. of*/, per oz., having given 
that 

1 dollar weighs 4114 grains, and is * f fine : and 
1 lb. Troy standard silver, -}£ line, is coined into 66 shillings. 

4t, When British standard silver isvalued at 5r, ifrf. an ounce, find how 
many francs are equal to ior., haring given that 

1 lb. Troy standard silver, U fine, is coined into 66 shillings, 

1 kilog. French st. silver, -fc fine, is coined into 200 francs ; and 
i kilog. is equal to 15434 grains. 
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as. Having given the same etemenls as in the last question, find what 
must be the price of British standard silver, aft ounce, in order that the par 
of exchange as determined from the silver coinage of the two countries shall 
be the same as that determined from the gold coinage, —that is, that £i 
shall be equal to 35 f. sic. (See Ex. 1, p. £47.) 

13. How many ounces of bar gold 11 ^ carats fine wilt be required to be 
sent to France to pay a debt of 27G54 f. 40c. ? (See Ex. 3, p. 348.) 

14. The exchange of London on Amsterdam at 3 months is 11 11 . 131 
stiv.; what is the short price, allowing 3 per cent, per annum? 

15. The short exchange of London on Paris is 15 f. 32$ c.: find the ex- 
change at 3 months, reckoning 4^ per cent, per annum . 

26. The exchange of London on Paris at 3 months is 13 L 70c., and of 
Paris on London is 25 f. 23c.: find the difference between the rates of the 
short exchange*, reckoning 3* per cent- per annum. 

27, At how much per mille premium is gold quirted at Paris when the 
exchange there is 13*17 francs per £t ? (See Ex. 3, p. 34.8.) 

18. When British standard gold is quoted at Paris at 3 per mills pre- 
mium and is ^ per cent, dearer there than in larndon, what is the short 
exchange on London ? 

19. Gold is quoted at Paris at 30 per mille premium and the short ex- 
change on London is 16*50 francs for £1 : find how much per cent, gold i* 
higher in Ixmrlon than in Paris. (See Ex. 4, p. 348.) 

30. A merchant in Hamburgh delivers goods to a merchant in Ixmdon 
at 3 m. 16 pf. per pfund, a pfund being equal to ] '068 lbs, The London 
merchant remits payment at 2051 pf. per £1, and sells 'the goods at 
^27 for 100 lbs. What is his gain or loss per cent. ? 

31. A Lyons merchant could tell silk at home at 7 f. 10 c. per metre, 
gaining thereby 6£ per cent. ; but at Vienna he could sell it at 10 lb 25 kr. 
for 3 metres net, and gain thereby 8j per cent. What rate of exchange is 
hereby established between Austria and France in florins for 200 francs? 

31. The sum of £1000 is laid out in London in bills on Vienna at 
Jlfb 35c, for^i. The bills are sold in Hamburgh 3t 54 fl. 90c. for 100 
marcs, less 1 month’s discount at 4 per cent, per annum, commission on 
sales * per cem., and brokerage for sales and returns * per cent. The 
returns are made in bills on Madrid at 3 m. 91 pf. for 1 peso, and are sold 
in London at 47 d. for 1 peso, less brokerage for purchase and sales * per 
cent. Find the profit on the original outlay. 



CHAPTER XIV. 

SQUARE AND CUBIC MEASURE. DUODECIMALS. 

358. A PARALLELOGRAM is a quadrilateral figure whose oppo- 
site sides are parallel: they are also equal. 

A Rectangle is a parallelogram which has all its angles right 
angles. 

A Square is a rectangle which has all its sides equal. 

359. A Parallf.lopiped is a solid figure bounded by six 
quadrilateral figures of which every opposite two are parallel. 

A Rectangular Parallf.lopiped or Rectangular Solid 
is a parallelopiped bounded by six rectangles: as a brick. 

* A Cube is a rectangular solid bounded by six squares : as a die. 

360. To find the area of a rectangle. 

L*et A BCD be a rectangle 'of A 

which the length AB is 7 feet and 
the breadth AD is 5 feet. Divide 
AB into 7 parts -each equal to 
1 foot, and AD into 5 parts each 
equal to t foot ; through the points D 
of division draw straight lines 

parallel to AB and AD; then the rectangle will be divided into 
7x5 squares, each side of which is i foot in length: that is, the 
area of the rectangle is 7 x 5 square feet (203). 



*3 
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Again, suppose the number of feet in the length and in the 
breadth to be mixed numb|rs or fractions : for example, let the 
length AB be 7$ feet and the 4 
breadth AD be 5$ feet. P v o- 
duce AB to K so that AK is D 
five times AB t and AD to M 
so that AM is 3 times AD\ 
and draw straight lines pa - M 
rallel to AK and AM, as shewn in the figure. Now AK is 7^x5 
feet, or 39 feet, and /fd/is 5§ x 3 feet, or 17 feet ; therefore the area 
of the rectangle is 39 x 17 square feet. But the rectangle AKLM 
is divided into 5x3 rectangles, each equal to the rectangle ,4 if 

therefore the area of the rectangle ABCD is 1 of the area of the 

•5 

rectangle AKLM, or is equal to 

7 sq. feet, or ^ x -J sq. feet, or 53 sq. feet. 

Hence, whether the number of feet in the length and breadth 
be integral or fractional, their product is the number of square feet 
in the area. 

In like manner, if the numbers giving the length and breadth be 
given in inches, or in yards, or in miles, their product will give the 
area in square inches, or in square yards, or in square miles. 

We have then this Rule,— 

Express the length and breadth in units of the same denomina- 
tion; the product will give the area in square units of that de- 
nomination, 

COR. If we divide the number of square units in the area by 
the number of units in either side, we shall find the number of 
units in the other side. 

361. To find the volume of a rectangular parallelepiped , or 
rectangular solid. 


B K 
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Let the figure represent a 
rectangular solid, whose length 
AB is 7 feet, breadth BC $ feet, 
and height AD 6 feet. Divide i> 

AB into 7 parts, BC into 5 
parts, and AD into 6 parts, 
each equal to I foot; and 
through the points of division 
draw planes parallel to the 
sides ; then the figure will be 
divided into 7x5x6 cubes, each of the sides of which is 1 foot j 
that is, the volume of the rectangular soLid is 7 x 5 x6 cubic feet. 

In the same way as in Art 360, it may be shewn that if the 
number of feet in the length, and breadth, and height be mixed 
numbers or fractions, still their product will give the number of 
cubic feet in the volume. Also, if the numbers giving the three 
dimensions be given in inches, or in yards, or in miles, their pro- 
duct will give the volume in cubic inches, or in cubic yards, or in 
cubic miles. 

We have then the following Rule, — 

Express the lengthy breadth and height in -units of the same de- 
nomination ; their product will give the volume in cubic units of 
that denomination , 

C^R. If we divide the number of cubit units in the volume by 
the product of the number of units in any two of its dimensions , 
we shall find the number of units in the third dimension ; and if we 
divide the number of cubic units in the volume by the number of 
units in any one dimension , we shall find the product of the number 
of units in the other two dimensions, or the number of square units 
in that face of the solid whose sides are those two dimensions. 

Ex. 1. Find the area of a rectangular floor 23 ft. 8 in. long and 
15 ft. 10 in. wide. 



23 - 3 * 
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J^ngth = 184 in. 

Breadth = 190 m. 

25560 

, f tl ) SB960 sq- in. 

44 1 «i4+£ -8 

9 ) 374- 104 in- 

41 sq. yds. 5 ft. 104111. 


Area»25|x ijj sq. ft. 

_®745^ 

18 ' 


| 3 sq. ft. 


=374H«l-ft. 

=41 sq. yds. 5 ft. 104111. 


Ex. 2. Find the area of the walls of a reel, room 23 ft. 8 in. long, 
15 ft. loin, wide, and lift. II in. high. 


The four wills form together a rectangle whose length is the circuit of the 
room, and width the height of the room. 


Length = 284 in. 
Width = 190 in, 

474 

2 

.‘.Circuit^ 948 in. 
Height= 145111. 

2844 in. 

379 a 

948 

, | 11 ) r 35564 sq. in. 

M ( n ) >1297 


Circuit=i x(»3 ft. 8m. + ijft. 10 in.) 

= 3 x 39ft. 6 in. 

= 79 f U 


•. Area of walls* 79 x ( sq. ft. 

11 1 

= 941 sq. ft. 60 in. 

= i®4 sq. yds. 5 ft. 60 in 


9 ) 941 ..60 in. 

104 sq. yds. 5 ft. 60 in. 


Ex. 3. From a rectangular plot of land 55 yards 2 ft, 9 in. wide, 
what length must be cut off to make a garden of one acre ? 


55 yds. 1 ft. 9 in. m 55 -* yds. = 55H yds. 

and 1 acre - 4840 sq, yds.; 

Length of garden = yds, = — *--•* 


_5i8o 


yds. 


■86yds, 1 ft. 8Aio* 
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Ex. 4. Find the cost of carpeting a room 23 ft. 8 in. long Ad 
13 ft. join, broad, with carpet 27 in. wide, at Ji. 3 d. a yard. 



47 ’ 'i, 

161 

=/h* ii - $Hv 


284 in. 

190 i n. 

25560 

284 

l 9 ) 5596osq. in. in area. 

I 3 ) S995‘ g 

12 ) 199 8*5185 in. in length. 

3 ji66*3432 ft 

55*5144 yds 

5** = i I 1 3^786 

3^‘-iV| %9. 

=&4- Si 


Ex. 5. A room is to be papered whose length is 23 ft. 8 in., 
breadth r^ ft. 10 in., and height lift. 9 in.: in it there are two 
windows each 9 ft. 6 in. high by 5ft. wide, a fireplace 4 ft 6 in. 
high by 6ft. wide, and a door 7ft. bin. high by 3ft. 6 in. wide. 
Find the cost of the paper required at 17*. 6 d. per piece of 12 yards, 
and the width of the paper 26 inches. 

•Circuit of room = 2 x {13 ft. 8»n. + i5ft. ioin.)=*x 39ft. fiin.=79ft.: 

,*. area of walls = 79 x nf sq. ft. =9284 sq. ft. 

B* area of windows=l X94 x $ sq. ft.=95 sq. ft., 

fireplace =+J x6sq. ft. =i7sq. ft., 

door =7$X3& sq.ft. sq.ft. 

Areato be papered =9184*1. ft. - 1484 sq.ft. =780 sq. ft.j 
.*. length of paper= ? ^ft.*78ox^ft.= 3 6oft.=i2oyds.i 

jyi 

and .*. cost of paper = riox — i. = 10X 174 -r- = * 7 5 


=j£8. 15. 
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Ex. & Find the solid content nt a block of marble in the form 
of a rectangular solid whose length is 10 ft. 4. in., breadth 5 ft- 3 in., 
and thickness 4. ft. 7 in. 


Solid content- 10J x 5} x 4,^ cu. ft. 

x -~cn. ft. 
3 4 13 

-14^ cu. ft. 

-14SCU, ft. 1 ud in. 


Length 

= min. 

Breadth 

- _6| 


37» 


744 


7813 

Thickness 

55 , 


39 « 6 o 


39060 


) 41966001. in. 

17*8 j 1 

1 1 

t 

13 | 2983- ioS 


548 cu. ft. n 16 in. 


Ex. 7. The length and breadth of a dormitory are respectively 
56 ft- and a^ft.6m.: what must its height be so that it shall be capa- 
ble of accommodating 24 boys, allowing 750 cubic feet to each boy? 
Volume of dorrmtury:= 24x750 cubic feet; 


height of dormitory= feet =~^° ft. 

7 *6*334 3*9 


Ex, 8. What must be the surface of the bottom of a cistern 
whose volume is 56 cubic feet arid height 2 ft. 4 in. ? 


Area of bottom ft- =56* -sq. ft. - 14 $q. ft. 


DUODECIMALS. 

362. In Duodecimals, the submultiples of the foot— whether 
linear, square, or cubic— follow the scale of 12, so that l foot is 
equal to 12 primes f), 1 prime to 12 seconds ("), 1 second to 12 
thirds (™), 1 third to 12 fourths ("), &c. ; hence 
I linear foot 
I square foot 
l cubic foot 

therefore in linear measure the inch is the same as the prime, in 
square measure as the second, and in cubic measure as the third. 


■ = 12'= 144“ -1 728"' » = 
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Ijk- 

We can therefore readily pass from quantities expressed ingiuo- 
decimals to those expressed in feet and inches, and conversely ; thus, 
Ex, (i). 8 ft. 2' 3" =8 ft. i = 8 ft. z\ in. 

Ex. (2). IS sq. ft. 10' 1 1" S'" — 15 sq. ft. 131"^= 15 sq.ft. I3i§in. 
Ex. (3). 24 cu. ft, 6' 7" 9 " 9" 4 y =24 cu. ft. 9 S 6 w fH f * 
=24 cu. ft. 956^ in, w 6 "' 

Conversely, 

Ex. (4).* 5 yds. 2 ft. 5} in. - 17 ft. 5' f = 17 ft. s' 9". 

Ex. (5). 19sq.lt. 118$ in.= 19 sq.ft. 1 18'' | = 19 sq. ft. g' iq" 8 w . 
Ex. (6). 35 cu. ft. 12675 in. „ , t * r 

= 35 CU. ft. 1367'"$ itjusj-f 

=35cu.ft. 8' 9" 1 * 6" 8 V . 8 ' 9fvr 

363. Let the fissure ABCD represent a square foot. Divide AD 

into 12 equal parts, then A_G • b 

each part as AF is i'; F _! E 

through the points of dlvi- 

sion draw straight lines • - 

parallel to AB, dividing the — — — 

sq. foot into 12 equal rect- ~“ 

an gl es, and therefore each of ~ 

them is a superficial prime. 

*But each of these rectangles 

is I ft. long and 1' broad; 

therefore a rectangle 1 ft. 

loftg and 1' broad is 1' in J 

area : hence a rectangle 7 ft. 

long and 1' broad is 7' in area, and a rectangle 7 ft- and 
5' broad is 7 x 5 or 35' in area ; and this result is usually expressed 
by saying that 

Feet mto primes give primes. 

Again, divide AF into r2 equal parts, each part will be 1" ; 
through the points of division draw straight lines parallel to AB t 
dividing the rectangle ABEF, which is a superficial prime, into 12 
equal rectangles; therefore each of these rectangles is a superficial 
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secand. But each of them is I fl. long and i" broad; therefore a 
rectangle I ft. long and i" broad is i" in area ; and, as before, a 
rectangle 7 ft. long and 5" broad is 7 * 5 or 35" in area ; that is, 
Fed into seconds give seconds. 

In like manner, Feet into thirds give thirds. 

Feet into fourths give fourths, &c. 

Again, divide AB into 12 equal parts, and through the points of 
division draw straight lines parallel to AF, dividing the rectangle 
ABFE into 12 equal rectangles ; therefore each of them is of a 
superficial prime, or is a superficial second. But each of them, as 
AGHF. is 1' long and 1' broad ; therefore a rectangle t' long and 
1' broad is j" in area; and, as before, a rectangle 7' long and 3' 
broad is 35" in area : hence 

Primes into primes give seconds. 

And if we divide AF into 12 equal parts, each will be l"; and if 
through the points of division wc draw straight lines parallel to 
AG, we may shew that 

Primes into seconds give thirds ; 
and, as before, Primes into thirds give fourths, See. 

Also, Seconds into seconds give fourths. 

Seconds into thirds give fifths, &c. ; 
that is, the number of the dashes expressive of the denomination of 
the product is the sum of the dashes of its factors. 

364. By pursuing a similar method we may shew that 
Fed into supl feet give solid feet , 


Feet into supl primes .... primes. 

Feet into supl seconds seconds, &c. 

Primes into supl primes .... seconds, 

Primes into supl seconds thirds, &c. 

Seconds into supl seconds fourths , &c. ; 


that is, the number of dashes expressive of the denomination of the 
product is the sum of the dashes of its factors. Hence in duo- 
decimals the rule given for multiplying a length by a breadth is 
equally applicable in multiplying a surface by a length, 
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365. Let us now find the area of a rectangle 9 ft. 4' 10" long^md 

7 ft. broad. A KFR 

Let A BCD be this rect., and let 
,4£bc 9 ft., EF be 4' and FB be 10",* 
and A D be 7 ft. 

Now the whole rect. A BCD is the 
sum of the 3 rccts. AH, EG, and FC. i> # gc 

But the* 

rect. FC is 7 ft. by io", its area =70" or =5' 10", 
rect. EG is 7 ft. by 4', ,\ its area =28’ or=2 sq. ft. 4', 

and rect./f // is 7 ft. by 9 ft., its area =6359. ft., 

area of the whole rect. =65 sq. ft 9' to' . 
Instead of finding the area of each rect. separately and adding 
the results, we shall find it more convenient to reduce the first 
result at once, and to carry to the second, as in Compound 
Multiplication : thus 

ft ' " 

9 . 4 , 10 

2 

sq. ft 65 , 9 . to 

where we say 7 ft. x to", or simply 7x10=70 and 7°” = 5* 
set down to" and carry 5'. 7x4 is 28, and 5 (carried) is 33; 
33' - 2 sq. ft. 9'— set down 9' and carry 2. lastly, 7 X9 =63, a&d 2 
* (carried) is 65— set down 65 sq. ft. 

Again,— find the area of a rectangle 9 ft. 4' 10" long, and 8' 
broad. 

*As in the last example, the whole rectangle may be made 
up of 3 rccts. whose respective lengths are 9ft., 4' and to", and 
whose breadth in each case is 8': making therefore the same 
arrangement, we proceed thus : 

ft. ' ,f 

9 . 4 • 10 
0 , 8 

sq. ft. 6 . 3 . 2 . 8"' 

saying 8' x io"«8o“ (the area of the first rect.) : hut 80"' =6'' 8'"— 
set down 8” and carry 6'\ 8 *45=32, and 6 (carried) is 38; but 
38", &c. 
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Lastly. Find the area of a rect, 9 ft. 4 10" long and 7 ft. 8' broad. 

Let ABMN represent this rect. where A . — — * B 

AD is 7 ft. and DN is S’ : draw DC 
parallel to AB r The whole fed. is made 
up of the two rects. A C and DM, 

But the rect AC\s 9 ft. 4' to" by 7ft., ^ 

and its area has been found to be 65 sq. ft. 1 

$ id', and the rect, DM is 9ft. 4 10" A ’ f u 

by 8', and its area has been found to be 6sq, ft. 3' 2" 8’" ; adding 
these results, the area of the whole rect. is 72 sq, ft. 1' o M S'”. 

Or, combining the work of the last two Examples, the whole will 
stand thus 

ft. 

9 • 4 . M 

7 • « 

65 . 9 . 10 -area of rcct. AC. 


6 . 3 . 2 . S'" - DM, 

sq.ft. 72 . i . 0.8= ABALV. 


We have then the following Rule 

Write the breadth wider the length so that units of the wne 
denomination may be tinder one another. Multiply the length by 
the number of feet in the breadth, ,ts in Compound Multiplication; 
then multiply by the number of primes in the breadth , setting, 
down erne place farther to the right ; then by the seconds, setting 
down one place farther again to the right , b*e.; add these partial 
products , and their sum will give the area of the rectangle fn 
sq, feet , primes, frc. 

Ex. I. FiDd the area of a rectangular floor whose length is 
23ft. 7' g" and breadth 15 ft. 10' 7". 

ft. 

13 • 7*9 «>** » ) 

Ifr . IQ . 7 tj . 8 13 . 9 



or 41 sq. yds, 6 ft. in. 
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Ex. 2. Find the area of a parallelogram whose bjse is 
5 yds. 2 ft 8J in. and altitude 3 yds, 2 ft. J in. 

ft ’ ' " 

17 . 8 . 9 • 


'» ♦ 5 

I 95 • o • 3 

7 • 4 . 7 ■ 


sq, ft. 303 , 4 . 

10 . 9 =33 sq, yds. 4ft. 58$ in. 

Ex. 3. Find the volume 

of a water-tank whose length is 

2ofL 8in.j breadth 11ft. loin. 

and depth 8 ft. 5! in. 

ft. 

• 

20 . 

8 

11 . 

JO 

147 . 

4 

»7 ■ 

3 . 8" 

«44 - 

6 . 8 

8 . 

5 • 9 

1956 . 

5 4 

10] . 

10 , 9 . 4" 

IS > 

3.5.00 

\ 9 )jm • 

7.6.4 

< l)W~i 


76.. 31 

Voliune=io7Jcu. ft. 

6" 4'"— -76 cu. yds. 31 ft. 1084 in. 


Exercise 63. 

I , Find the area of a rectangle 4 ft. 1 1 in. long and a ft. 4 in. broad. 

3. Find the area of a floor 19ft. 4m. long and 16 ft. Sin, wide. 

J. How many s q. feet and inches are there in a sheet of glass 3 ft. 9 in. 
ji length and 1 ft- ) i in. in width? 

4. How many sq. feet aird inches remain out of 313 sq. feet of matting, 
after covering a floor 16ft. 9in. tong by lift, ilia* broad? 

j. How many sq. yds., &c. of carpet will cover a floor whose length is 
n ft. 8} in, and breadth 16 ft. ?lrin.? 

6. Fmd the area of a square whose side is 7 ft. 10 in. 

y, How many acres, Sc. are there in a rectangular (Veld 3^5 links in 
length and 3I4 link* in breadth ? ^ 



3^4 SQUARE AND CUBIC MEASURE . F*. 61. 

8. pow many acres, &c. of land will be required lo form a street j to 
yards long and 37ft. 7 in. wide? How many sq. yards of flagging will be 
required to form a pavement 5 ft. 9 in. wide down one side of the street ? 

9. A rectangular garden is 1 chains 9 links wide and 300 yards long : 
find its area as a decimal of an acre. 

10. Find the area of a rectangular court-yard 13 yards a ft. 7 in. long 
and 13 ft. 10 in. hroad. 

1 1. How many sq. yards of ground are covered by a plank 1 "'64 ft. 

long and 7f inches wide? > 

11. A garden roller is 3 ft. 7J in. wide and 5 ft. to| in. in circum- 
ference: how many sq. feet and inches of ground does it pass over in 
making one complete revolution? 

13. How many sq. yards of brickwork are there in the face of a wall 
surrounding a circular reservoir, the perimeter of the wall being 333^ 
yards and its height 6ft. 10J in. ? 

14. A school-room is 35 ft. 8 in. long, 13 ft. 4 in. wide and feet 
high: what is the area of its walls? 

15. A piece of canvas of uniform width is 7 ft. 3} in. long, and it covers 
4sq. yards 103J in.: what is its width? 

16. The floor of a room is 15I feet wide, and its area is 13 sq. yards: 
find its length. 

17. The area of a rectangle is 153a sq. ft. 117 m-, and one side is 
81 ft. 9 in. : find the other side. 

18. The surface of a rectangle 8 inches wide is the fifth part of a sq. 
yard : what is its length? 

19. The area of a sq. garden is 1 ac. t p. 29yds. 6J ft.: find the length 
of its side in yards. 

ao. A sheet of glass is 3ft. pin, long and 2 ft. 7$ in, wide: by ho^ 
much must the width be narrowed to leave a surface of one square yard? 

41 . A piece of doth 2 yards 3 qrs. nl. in length covers 21 sq, ft. 
tfrfin.: find its width. 

41 . A square space containing 140 sq. yds. 36 m. is to be lengthened 
by 4 ft. 3 in. in one of its dimensions and shortened by 3 ft. 4 in. in the 
other : what will then be its area? 

13. A rectangular piece of ground is 60 yards long and contains half 
an acre. It consists of a walk 8 feet wide surrounding a grass-plot. Kind 
the area of the plot. 

24. How many boards 18 ft. 6 in. long and 7 in. wide will be required 
to floor a room 10 yards 1 ft. 9 in. long and 8 yards 6 in. wide ? 
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15. How many tiles 7 in. square will be required for the flow of a 
kitchen rqft. jin. long by 13ft. 5m. wide? 

26. The length of a room is double its width, and the area of the floor 
is 1 36 sq. yds. 1 ft. 18 in,: find its length. 

ij. The breadth of a rectangle is one- third of its length, and its area is 
635 sq. yards $ ft, 48 m.: find its length in feet. 

18. The area of a rectangular field whose length is 3 times Us breadth 
is 6 ac, 960 yds.: find its perimeter. 

19. A rectangular field is 1050 links longer in length than in breadth, 
and its perimeter is 3400 links: find its area in acres, &c, 

30. How many cubic feet are contained in a beam soft- 4 in. long, 

1 ft. 5 in. broad, and loin, thick? 

31. What is the cubical content of a cistern 6 ft. Bin. long, 5ft. 10 in. 
high, and 3 ft. 5 in. wide? 

31. How many cubic feet and inches are there in a block of marble, 
each of its three dimensions being 4 ft. 9 in. ? 

33. Find the solid content and also the surface of a cube whose edge is 

feet. 

34. How many cubic feet of aiT are contained in a room 40 ft. ioi in. 
long, 2 5 ft. 8 in. broad, and 16 ft. 9 in. high? 

35. How many cubical packages each having 4^ inches in an edge will 
fill a rectangular box whose length, breadth, and depth are respectively 
4ft. 4 in., 3 ft. 3 in., and aft. * in.? 

36. Water is flowing into a cistern whose base measures 4840 sq. 
inches: how many cubic feet will have been supplied when the depth of 
water is 3i feet ? 

37. Find the length of an edge and the area of a face of a cube of 
which the solid content is 29 cu. feel. 54 1 in. 

38. The depth of water in a cistern whose base contains 1344 sq, inches 
is 2 ft. win. Find the depth of the same quantity of water in another 
cistern whose base contains 1088 sq. inches. 

39. A rectangular cistern whose length is r 3$ ft. and breadth 6 ft. 
contains 194J cu. feet of water : what is the depth of the water? and what 
is its weight in tons when a cubic inch of water weighs 153 -5 grains? 

40. A cubic foot of gold is extended by hammering sq as to cover an 
area of 6 acres. Find within one ten-millionth of an inch the thickness of 
the gold as a decimal of an inch. 
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4!. Express in yards, Sect, and inches 
(l) 13ft. Il' lo" 8 1 ". (l) n sq. ft. 9' r 4" 6 1 * 

(3) 83 cu. ft. 6' 3" r<r 8 ]f S’. (4) 143 ft. 6' 9" 9’'. 

(5) 197 sq. ft. o' i* 3" 4" 5’. j. (6) 1 783 cu. ft. 8' 10" 1 r" gl r i r i H . 

{7) 844 sq, ft. j J 6 M 0" 8” g T . (8} 1341 eu.ft. 5' 6" 8* §*' 9' 10*. 

Find, by Duodecimals, the area of a rectangle whose sides are 

41. 17 ft. 4 in. and 9 ft, 11 in. 

43. 15 ft. 6 in. 7 parts (or seconds} and 1 1 ft, 9 in. 

44. 7 yds. r ft. ( 5 | in. and 13 ft. 5i in. 

45. 31 ft. 4 is. 6" and 17 ft. 10 in. 8". 

46. 15 yds. 1 ft. 4^ in- and 9 yds. 1 ft. 4I in. 

47. 431 ft. &4in. and 71 ft- yf in. 

48. 107 ft. 4! in. and 93 fr. y T r T in. 

49. 1 7 yds. 1 ft. 9 in. 7 pis. and 1 i ft. 9 in. 10 pis. 

50. 3 1 yds. 6f in. and 5 yds. 1 ft. if} in* 

51. 19 yds. 3 ft. 6J in. and 7 yds. 1 ft. 3! in. 

53. 15 yds. s ft. 4 in, topts. and 7 yds. 1 ft. 11 in. 7 pts. 

53. Find by Dumlearusls tike area of a square wbuse safe is 

2 yds. 1 ft. 3$ in.; 17ft. 4 in. 6| pts.; 133ft. fijia. 

Find by Ihudaimais the volume of a rectangular solid whose dimen- 
sions are 

54. 13 ft. S' ll", 14ft, 9111., and 1 5 ft. j't", 

53. 18 ft. 7 in. 4 pts., 17ft. 3 in. 9 pts., and n ft. 11 pts. 

56. Find by Duodecimals (he volume of a cube whose edge is 
lift. 6 in. j pts.; 5 yds. 1 ft. 7 in. 10 pts, j 3yds. ift, 7 Jin. 

57. Find the cost of a marble slab whose length is 3 ft. 7 m. and 
breadth 1 ft. JO in. at |r. yi. a sq. foot. 

58. What will fie the expense of painting a wall 33 ft, 6 in, king by 
10 ft. 8 in. high at ir. io\d. a sq. yard? 

59. Find the cost of carpeting a floor 13 ft. 4 in. Jong and 16 ft. 9 in. 
wide with carpet at 6 r. yi. z sq. yard. 

6o- Find the side of a square court-yard the expense of paring which 
at y. yi. per sq. yard is .£38. to. 5. 

61. An upholsterer covena floor at ft. 8in, by 16ft, (in, with carpet 
37 inches wide : And the cost of the carpet at y. 4^. per yard in length. 
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61. Find the cost of painting the four walls of a room whose length, 
breadth, and height ire respectively 14 ft. 3 in., 16 ft. 8 in., and 1 1\ ft. , at 
3;. 4^. per sq, yard. 

6 $. How much paper, J of a yard wide, will be sufficient to paper a 
room 4i ft. 5 in. long, n ft. 1 in. broad, W 11 ft. 3 in. high? and how 
much will it cost at 4^. a yard } 

64. A room is ao ft. 6 in. long hy 15 ft. 6 in. wide, and is rfi ft. high. 
It has two doors, each 8 ft. high by 3 ft. 9 in. wide, and three windows, 
one 5 ft- hy 7 ft., the other two each 5 ft. by 4 ft. How much paper a yard 
wide will Sc required to paper it? 

dj. A box with a lid is to be made of inch-and-a-half plank ; the ex- 
ternal dimensions to be 3 ft. 6 m., 1 ft. 6 in., and 1 ft. 9 in. How many 
square feet of plank will be used in the construction? 

06 . The floor of a hall is ado feet long and 93 feet wide. Find the 
cost of supplying it with carpet at 8x. 3 d. per square yard, and oil-cloth at 
31. yt. \ the oil-cloth to be laid along the sides and ends a yard wide, and 
the carpet to extend 6 inches over the oil-cloth everywhere. 

67. A. rectangular piece of land is 1345 links in length and 860 in 
breadth, : how many square feel would be occupied on paper, by a plan of 
the land drawn from a scale of an inch and a half to the chain ? 

68. How many pounds of gunpowder, of which each cubic foot weighs 
931 01., will fill a box whose height is 1 ft. 5 in., breadth 1 ft. 7 in., and 
length 5 ft. 9 in.? 

69. If < 5 j gallons of water be equal to lof cubic feet, how many gallons 
can be contained in a cistern 5 ft. jo in. long, 3 ft. 7 in. wide, and 1 ft. 8 in. 

* deep t 

70. Find the cost of digging a cellar 18 ft. 410. long, w ft. 9 in. broad, 
and 14 ft. 3 in. deep, at 6 d. per cubic yard. (By Duodecimals.) 

t7f. A pond whose area is 4 acres, is frozen over with ice uniformly 
6 inches thick. If a cubic foot of ice weigh 896 os., find the whole weight 
of the ice in tons. 

71. An iron bar is j} of an inch broad, } of an inch thick, and feet 

long. Find its weight at 4} ounces per cubic inch. 

73. If 36 cu. ft. 91a in. be the content of an open cistern, 6 It. a in. 
long, and 3 ft. 4 in. wide, what will be the cost of lining the inside of 
it with lead at tor. J^. per square yard ? 

74, What would be the cost of paving a hall, 50 yards long and 50 feel 

broad, with marble slabs 1 foot long and 9 inches broad, the price of Ihe 

slabs being £$ per dozen ? 
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J j. A canal, re miles long, has an average width of 7 yards and is 5 feet 
deep.’ How soon would the excavation of it be completed by 100 men, 
each removing, on an average, 15 cubic yards per day? 

;6. To what uniform depth must a piece of ground, 414 yards lung and 
37 yards wide, be excavated, tha. the earth taken out may form an embank- 
ment of 15530 cubic yards, supposing the earth to be increased one-ninth in 
volume by removal ? 

77. A side of <m square is 9-49 inches ; and if this square were made 
$•34 inches longer in one of its dimensions, and 6' 14 inches shorter in its 
other dimension, the area of the rectangle thus formed would L* equal to 
that of anothtr square. Find a side of the latter square. 

78. The depth of a box is equal to a third of its length and the width is 
a third as much again as the depth. The content is 33 cubic feet : find the 
dimensions. 

79. A postage stamp is v} of an inch long and j of an inch broad : 
how many postage stamps will be required to pper a room 14 ft. 9 in. 
long, 9 ft. 3 in. wide, and to ft. 6 in. high, the room containing two win- 
dows each ft. by 4 ft., and three doors each 6 ft, by 3 ft.? 

80. A room whose height is 1 1 feet and length twice its breadth, takes 
143 yards of paper, 1 feet wide, for its four walls: how much carpet will it 
require? 

Si. The carpeting of a room, twice as long as broad, at 5f. per square 
yard, cost 3. 6 ; and the painting of the walls at <)I. per square yard 
cost £1. 13. 6. What was the height of the room? 

81. The breadth of a room is twice its height, and half its length ; and 
the volume of air in the room is 4096 cubic feet Find its length. 

83. The content of a cistern is the sum of two cubes whose edges are 
to inches and 3 inches; and the area of its base is the difference of two 
squares whose sides are 1 J ft. and 1 J ft. Find its depth. 

84. A factory has no windows, 80 of which severally contain 16 panes, 
each rj inches by 11 inches; and the remainder severally contain n panes, 
each 1 foot square. Find the cost of glazing (he whole at jj. 6 J. }>er 
square foot 

85. The area of the Yorkshire coal-field is 937J square miles and llie 
average thickness of the coal is 70 feet. If a cubic yawl of coal weigh a 
ton, and the annual consumption of coal in Great Britain be Jo, 000,000 tons, 
find the number of years far which this coal-field alone would supply the 
country with coal at the present rate of consumption. 

If the coal thus annually consumed were piled up into a rectangular slack 
the length of whose base is half a mile and the breadth a quarter of a mile, 
what would be its height in yards? 
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I. ARMY EXAMINATION. FOR DIRECT COMMISSIONS. 

July, 1870. 

1. FIND the number of sovereigns which are equal in value to two 
mil Lions three thousand and forty pence* 

1. If 8 tons 4 lbs. of sugar are sold for ^466. 15. 5, what is the 
price of a pound? 

3. Find the number of square feet in 3 acres 1 rood 2 perches. 

4. If ii horses are fed for 17 days at the cost of £il, ir,, how many 

days can 4 horses be fed for £11. 14*., the price of food and the rate of 
consumption being the same in both cases? 

5. Find the cost of si* tbs. at £1. 16. 10 the pound. 

6. From the sum of ^ and $ of rj subtract the sum of T J T and ‘3 
of 3i- 

7. Express 89 gallons 1 quart 1 pint as the decimal of 57a gallons. 

8. Find the number of grains iu *35 of 3 lbs. r 0 1. Troy. 

9. What is the simple interest on ^419. 3. 4 in 4 years al afe per 

cent- per annum? 

10. Extract the square root of 331 2400. 

II. For Dirut Commissions. May, 1870. 

Find the number of pounds Troy in three hundred millions, three 
thousands, eight hundred and forty grains. 

1. If s 57 pounds of tea cost £34. 16. 0}, what is the price of a 
pound? 

3. If a peck of corn weighs 7 lbs. 5 ox. Avoirdupois, whit is the 
weight at that rate of 73 quarters 1 bushel? 

4. A rectangular cistern 9 feet long, 5 feet 4 inches wide, and 1 feet 
3 inches deep, is filled with liquid which weighs 1,520 pounds. How 
deep must a rectangular cistern be which will hold 3,850 pounds of the 
same liquid, its length being 8 feet, and its width 5 feet 6 inches? 

B.-S, A 


24 
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5. Divide of x \ by 1 j of i$. How many square yards ore there 
in the fraction of an acre which the result represents? 

6. Multiply 98*8 by ‘0595, and divide the product by 9510. 

7- Find, as a fraction in its Jo west terms, the difference between 
and ,j s , and then express that difference by a recurring decimal, 

S, Find the value of *0062$ of a sovereign. 

9. What is the principal sura to be placed at simple interest at the 
rate of 4$ per cent, per annum, that in 16 months it may amount to 
£19. 13. 6 ? 

10. Extract the square root of 451929 

111. Central Department. April , 1871. 

1. In 164,733 pints how many quarters, bushels, pecks, &c.? 

I. If 15 men can reap 30 acres of corn in 6 days working 14 hours a 
day, how many meo must be employed to assist 10 other men to reap 
6 acres in r$ days of 8 hours a day? 

3. Find (by Practice) the dividend on .£731. 13. 6 at 14^. 1 J. in the 
pound. 

4. Find the amount of /8900 in three years at ij per cent, compound 
interest (neglecting fractions of a penny). 

5. Add together { 4 , 3$, i s \, and ft. 

6. Subtract 5^ from 6J. 

7. Multiply 4), if, and 

8. Divide 3J by fj. 

9. Add together 84*691 2, 001567, 1 0056 and 549’], 

10. Subtract 13*69418 from 50*013. 

Ir, Multiply 40 061 by *0054. 

II. Divide '055757593 by '009107. 

13. Reduce 33 yards to the decimal of a mite. 

14. Extract the cube root of 955511 9848. 

15. Reduce 1671875 to a vulgar fraction ; and if the unit be ,£6, reduce 
the fraction to shillings, pence and decimals of a penny. 

16. When the 3.per cents, are at 87$, and shares paying 5 per cent, are 
it 130$, which is the more profitable investment? and what sum does a 
person invest, when the difference of the incomes resulting from the two 
investments jt £$61? 
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IV. UNIVERSITY OF OXFORD. LOCAL EXAMINATIONS. • 
Senior Camli Jutes. Afay, 1870. 

I. Write out Troy weight. How many grains are there in a pound 
Avoirdupois? How many pounds avoirdupois are equivalent to one 
hundred and nine thousand three hundred and seventy-five pounds Troy? 

3. Divide two hundred and eight pounds two shillings and sixpence 
farthing by twenty-three; and multiply one mile seven furlongs thirty-nine 
poles by forty-one. 

3- Obtain, by Practice, the cost of three hundred and fifty-five things 
at one pound sixteen shillings and eight pence each; and calculate a 
person’s wages for five months three weeks and six days at one pound 
seven shillings and five pence per month. 

4- Simplify Hti, and of T j of Also add the results. 

5. Add together } of £1. 6 . 6f, of a guinea, & of a sovereign, 

'+375 a shilling, and *1375 of half a sovereign. 

6. Divide 'O4S by '0015, 4*5 hy 150, and *45 by -15. 

7. What part of a sovereign is three pence three farthings? and what 
decimal fraction of a pole is an inch? 

8. Extract the square root of 893830609, and raise cos to the fourth 
power. 

9. Compare the simple and compound interest on £it. ior,, at the 
end of four years, reckoning money at 5 per ceut. per annum. 

• 10. If a farthing be the interest on a shilling fnr a calendar month, 
what is the rate per cent, per annum? 

II. If twenty-seven hundred-weight twenty-one pounds cost three 
hundred and seventy-nine pounds two shillings and three pence three 
farthings, what will be the cost of three hundred-weight three quarters 
fifteen pounds? 

13, If’three persons are lioarded four weeks for seven pounds, huw 
many can be hoarded thirteen weeks five days for one hundred and twelve 
pounds? 


V. Senior Candidates . May, 1871. 

I, How many persons can be paid nr. 6 d. each out of a sum of 
/tjo. 10. a? And, if the balance be also distributed equally among them, 
how much more will each receive? 


24—2 
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». Write out the tables of Solid Measure and Measure of Capacity. 

If i gallon contains 177*174 cubic inches, how many cubic yards are 
there in 100 bushels? 

3. Find the cost of 7 lbs. 1 at. 5 dwts. +grs. at 31. ?\ii. per dwt. 

1 * 2 1 

4. To 3^ of 5^ add - of (6J - 1 J) ; and from their sum subtract — . 

5. Divide 1*375 by 150, by 1*15, and by *00005. 

6. Reduce ^ and fa to decimals; and *1361 to a vulgar fraction. 

7. Find the value of 1*5 of c ton 6cwt. + 3*115 of iqrs. 16 lbs. +375 
of 448 oz. 

8. Extract the square roots of 1 2099+01 and -2 icq. 

9. How many hours a day must 14 men work to accomplish as much in 
j days as 15 men could do in 4 days if they worked 6 hours a day? 

ro. "What will a debt of £4150 amount to, if it is left standing for 
- ij years at 5 per cenL per annum compound interest? 

ll. If a school room is 25 ft. long and 20 ft. wide, how many children 
will it accommodate, allowing for each of them 8 superficial feet at the 
least? And if the room is 10 ft, 4 in. high, what cubical space is there 
(or each child? 

11. Find the price of Three per Cent. Stock, when an investment of 
^434. n. 6 produces an income of/14. $s. 


VI. UNIVERSITY OF CAMBRIDGE. LOCAL EXAMINATIONS. 

Senior Students. On, 1869. 
r. Divide 69 miles 7 f. 39 po. 2 ft. by 492. 

2. Add together |, }, f, J, $, 4 ; and subtract the result from ioo T $„. 
Reduce to their simplest forms 

- 1 ; iofix! **+(* + ' of 3 \' 4 . 

j+JL 1 2 * 3 \6 3 / $? + ■} 

3 + ; 


3. Add together 536*411, 53641*1, 5*36411; and subtract the result 
from iooooo. 

■ixt ljir 
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4. State your rule for the division of decimals ; divide 2 by *2, *o#i by 
*oa, a ‘a byn. 

5. Find the value of 

1 of i Jr. id. + 2*625 of ix. - § of |^>f $x. 4 d .\ *263 of 15J.; 
and reduce the result to the decimal of £$. 

6. Extract the square root of 35*67? and of '4 to 4 places of decimals. 

7. What would be the cost of paving a hall 50 yards long by 50 feet 
broad with marble slabs 1 foot long and 9 inches broad, the price of the 
slabs lacing £$ per dozen ? 

8. Find the difference between the simple interest and the discount on 
£100 for 5 years at 5 per cent. 

If the present worth of £u8 due two years hence be £iQo, what is the 
present worth of £1000 due six years hence at the same rate? 

9. Of the boys in a school one third are over 15 years of age, one 
third between 10 and 15. A legacy of ^too can be exactly divided 
amongst them by giving tOf. to each boy over 15, 6 s. id. lo each between 
10 and is, and 3X. 4 d. to each of the rest. How many boys are there in 
the school ? 

10. If the price of candles 8J inches long be 9 d. per half-dozen, and 
that of candles of the same thickness and quality 10J indies long be 1 id. 
per half-dozen, which kind do you advise a person to buy? 

Whal would be the saving per cent, should your advice be followed? 

VII. Senior Candidates, Dec. 1871. 

r. What is the meaning of 25, 2J, and 1*3? 

In subtraction how do you get over the difficulty of taking a greater digit 
fngn a less ? Illustrate your answer by taking 87 4 from 953. 

<1. Divide 1 5997 by 2 1 by short division. Give a reason for your method 
of determining the remainder. 

3. Supposing unity to be represented by lid. find the value of fifty 
millions five thousand and six. 

How many tons, cwt. &c. are there in as many ounces as there are 
seconds in a week ? 

4. Add together £1, 

Simplify 8i-4j+--iio f 7 : andi + — L p 

S 5 t + 



374 


EXAMINATION PAPERS , 


$. Find, by Practice, the value of 3037$ cwt. of soap at £m. 19. +5 
a cwt 

6. Multiply '0104 by 40'a : divide ‘O4 by to, ‘4 by ’ooi, ’0004 hy 
*0001 and 400 by ‘Ot. Prove The truth of two of your results Hy means of 
vulgar fractions. 

7. Find a decimal which shall be within rrrifT °f ir 

Find the value of ’$4 of *30}? of 1 m. 6 fur. 11 po. 

8. A closed vessel formed of metal r inch thick whose external di 
mensions are 8 ft. 3 in., 7 ft. 5 in. and 4 ft, 3 in, weighs 3 cwt. I qr. 8 lbs. 
What would be the weight of a solid mass of metal of the same tli> 
mensions? 

9. On a piece of work 3 men and j boys are employed who do half 
of it in 6 days. After this one more man and ofte more boy ire put on 
and j more is done in 3 days; how many more men must be put on that 
the whole nuiy be completed in one day more ? 

10. If 9 oz, of gold, 10 carats fine, and 5 01., 11 carats fine, be mixed 
with 6 02. of unknown fineness and the fineness of the resulting mixture be 
13 carats, what was the unknown fineness? 

tl. If Three per Cent Consols be at 90J, what sum must 1 invest in 
order to secure from them a yearly income of £470 after paying an income- 

tax 0 fyf. in the pound, brokerage being at ^ per cent ? 

13. Find the square root of t3 to five decimal places. 

A cubical block contains 39 cub. ft. 1319 cu. in.; find the number of 
sq. yds. &c. in its surface. 

VIII, FOR COMMISSIONS IN THE ROYAL MARINES. 

JV.B, Decimals that do not terminate or repeat art to be worked to 

} facts, 

r, How much is | of ^7. 13, 7? 

3. Divide 4 of 4 of 94 by $ of i of jJ. 

3. Reduce £$ 6 . 17. 8| to the decimal of £%. 

4. Reduce 3^ to a decimal ; and '45 and ’37$$ to vulgar fractions, 

5, Find the square root of 336*9. 

6, What is the cost of 137 tons 8 cwt. 60 lbs. of coal at £l. 3. 8 
per ton? 
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7. If a man walking at the rate of 4 miles an hour can travel a cjrtain 
distance in 3 hours 25 m., in what time could he run the distance at the 
rate of 7 miles an hour ? 

9 . What is the interest on £564. io.<t for n months at 6$ percent, 
per annum ? 

9. If the weight of a cubic foot of water is 64 35 pounds avoirdupois, 
what is the error in calculating the weight of 1000 cubic fed on the 
supposition that a cubic fathom weighs 6 tons? 

10. A*pub 1 ican mixes 4 gallons of gin which is worth ijr. a gallon, 
with 4 gallons of water and a gallon of base spirit worth rox.; what will he 
gain per cent, un his outlay by selling the mixture at is. 10 d. per bottle of 
six to the gallon? 

ir. A man having £550 in cash, invests it in the Three-and-a-half 
per Cents, when they are at 88$ ; afterwards when they are at 93 he sells 
out. and invests his money in a mortgage which brings him in si per cent. 
What difference does the transaction make in his income? 

IX. INDIA FOREST DEPARTMENT. 

Jan, 1870. 

i . s 11 BW that the J 1 lies between H and 

Extact the cuk root of 6^*911875 cubic feet, and reduce the result 
to inches. 

3. What is the present worth of £1,841. tjr., payable a quarter of a 
year hence, at * per cent. ? 

4. What length of paper ac| inches wide would be required to paper 
tflb walls of a room r8ft. pin. long, 13ft. 3 in. broad, and 14ft. bin. high? 

5. Express 4 acres 2 roods 16 perches as the decimal of a square mile. 

6. typltiply by duodecimals 7 ft. 3 in. 5 pts. by 5 ft 7 in. 4 pts. and the 
product by 4 ft, 2 in. What does the product become when expressed in 
cubic feet and inches? 

7. A man purchases £700 Stock in the Three per Cent. Consols at 
and also invests £585 in the purchase of Russian Five per Cent Stock 

at 97 i How much Stock has he standing in his name? If he sells out 
of the Three per Cents, at 95 and out of the Five per Cents, at 96$, does 
he gain or lose by the transaction, and how much ? 

8 . Divide 91*665 by 8756. 
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9. r A tradesmans slock in trade is valued on January 1st, iS68, at 
,£8,000, he has also £350 in cash and owes £1,870 ; during the year his 
personal expenses, £300, are paid out of the proceeds of his business, and 
on January ist, 1869, his stock tis valued at £7,950, he has £570 in cash 
and owes £1,510. What is the whole profit on the year’s transactions 
after deducting 5 per cent, interest on the capital with which lie began the 
year? 

to. Two clocks point to 1 o’clock at the same instant on the afternoon 
of Christmas day; one loses 8 seconds, and the other gains 9 seconds in 
*4 hours : when will one be half an hour before the other, and what time 
will each clock then shew ? 


X. FOR ADMISSION INTO THE R. M, ACADEMY, WOOLWICH. 


July . 1870. 

I. If burl ding -ground be bought for 1 5 r. 9 </. a square yard, what will 
he the cost of half an acre of such ground ? 

The purchaser of the half-acre builds a house upon it and lays out the 
ground at a further cost of £1,094. 5;., what rent per annum must he 
obtain so as to realize 9 per cent, on his whole outlay? 

1. Tf 10 English navvies, each earning Jr. 6 d. a day, can do (he same 
piece of work in ij days that it takes -28 foreign workmen, each earning 
three francs a day, to complete in 10 days ; taking the value of the franc at r 
l Or determine which class of workmen it is most profitable to employ. If 
a piece of work done by navvies cost £3,000, what would be the cost of the 
same work done by foreign workmen ? 


3. Reduce 


tVt + IH 

iii-m 


Divide £i'4 by *00615; and without using the common rule for the 
extraction of the square root, prove that r$$ is the square root of 


4. What is meant by the “course of exchange” between two countries ? 

A merchant in New York wishes tn remit to London 5,110 dollars, 
a dollar being equals to 41. &?. English, for what sum in English money 
must be draw bis bill when bills on 1-^ndon arc at a premium of 9^ 
per cent.? 
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Xl. Royal Military Academy. Dec. 1870, 

1. Divide £ 16. 9. 7 by 82, 

3. Find the difference in yards and fractional parts of a yard between 
10 chains 5 links and 1 furlong * rods. 

3' An account after a discount of per cent, is taken off becomes 
£16. 14. 5. What was the sum due before the discount was subtracted? 

4. If a litre is 'az gallons, find to the nearest penny in English money 
the value qf a pint of liquid which is worth 10 francs the litre, 1100 francs 
being equivalent to £+$. 

5. Express ' to 1 of 1 lb. s 02. as a decimal of 1 cwt. 

6. A person bonows £100, and at the end of each year pays £25 
to reduce the principal and to pay interest at 4 per cent, on the sum 
which has been standing against him through that year. How much will 
remain of the debt at the end of 3 years? 

XII. Reyal Military Academy. July, 1871. 

I. Find the number of inches in the length 1 mile t furlong 3 poles. 

*. Find the value of 17 quarters 1 bushel of com at the price of 
4 s. 8 \d, the bushel. * 

3. What is the least weight which can be expressed either by a number 
of Troy pennyweights or by a number of Avoirdupois ounces? Give the 
answer in Troy weight. 

4. A vessel holds ij pints. How many limes can it be filled from a 
♦cask of $6 gallons, and will there be any remainder? 

5. Find the value of ™ ' n of £1. 0. jJ, 

*131 

£. A school of boys and girls contains 453 children, and the boys are 
•315152... of the girls. How many boys are there ? 

7. If a metric system of area were adopted wherein 1 acre 1 rood 
3 perchei i3 represented by j*n, express the unit of measurement in 
square yards and decimal parts of a square yard. 

8 . At what rate per cent, is the deduction made when rpr. lo^J, is 
taken from an account of ^39. 15J. in consideration of immediate pay- 
ment? 

9. What is the compound interest to the nearest penny on £83. 14. 7 
b 7 years at the rate of 3 per cent, per annum? How much does this 
compound interest exceed the simple interest in the same time on this 
principal at the same rate per cent.? 
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Xlfr. examination for ADMISSION INTO THE INDIA CIVIL 
ENGINEERING COLLEGE. 

putu, iSyr. 

j. Convert & and ,f|j info decimal fractions: divide the second 
result by the first, and convert the quotient into a vulgar fraction in its 
lowest terms. 

i Find the length of the side of a square which is equal in area to 
the rectangle, the sides of which are 5*3 yards 1 foot 1 1 inches, and j,6j 8 
yards 11 inches. 

3. Find the length of the edge of a cube which contains 450 feet 
1,088 inches. 

4. The external length, breadth, and height of a rectangular wooden 
closed box are 1 8 inches, to inches, and 6 inches respectively, and the 
thickness of the wood is half an inch. When the box is empty it weighs 
13 lbs., and when filled with sand too lbs. Compare the weight of equal 
bulk of wood and sand. 

3. A cask weighing <1 cwt. n lbs. 4 01. floats in a square cistern of 
water, w'r.o^ side is 1 ft. 6 in.; on the removal of the cask, find how much 
the water will sink in the cistern, supposing a cubic foot of water 10 
weigh 63 lbs. 

6. The interest on a certain sum of money for two years is £71, 16. 74, 
and the discount on the same sum for the same time is 17 5., simple 
interest being reckoned in both cases. Find the rate per cent, per annum, ( 
and the sum. 

XIV, UNIVERSITY OF LONDON. MATRICULATION EXAMINATION, 

( 

Jan. 1870. 

i. Find the value of j-A+At and divide by the result. 

Divide -0075 by 15-6, and state the principle upon which you fix the 
fxwition of the decimal pant in the quotient. 

3. Reduce nine inches and nine tenths to the decimal of a mile; and 
find the value of -0633 of 1 ton t cwt, 3 qrs. 11 lbs. 

3. A tells good* to B for ^113. 19. j, and gains 10 pa cent, on 
the price he originally paid for them, B sells the same goods again, and 
loses to per cent, on the price at which he bought them. At what price 
did A buy the goods, and at what price did B sell them ? 



MATRICULATION ; LONDON. 379 

+• Whftt tlIinwl ™ come be produced by £13,000 invested, in a 
Three-and-balf per Cent. Stock at 91 ? an d by the same sum invested in 
a Four per Cent. Stock at 96? 


5. Extract the square root of 10,0^38,384; and find the value 

of J to four places of decimals, 
v * + i 

Prove that no square number can end with one of the digits a, 3, 7, 8. 


XV. Matriculation Examination. Jan. 1871. 


I. StUPMFV 


* r« 

arid divide 'Oooijj by %'H. 

State and prove the Rule for finding the Least Common Multiple of 
two given numbers, 

Define a Prime Number. Express 364, 2320 and 5445 as products of 
powers of prime numbers. 

3. Find the value of '01625 of £104. 3. 4; and reduce 81 b. 501. 
>4 drs. to the decimal of 1 quarter. 


4. What fraction when multiplied by itself produces 

5 <MJ 

What is the length of each side of a square court which contains 
43785-5615 sq, feet? 


5. Supposing a gallon to contain 277$ cubic inches, find approximately 
t^e number of gallons of water which would cover a square mile of ground 
to the depth of an iuch. 


xvi. Matriculation Examination. Juno, 1871. 

1. Ik the circumference of a coach-wheel measures 17 ft. 7^ in., how 
often will it turn round in travelling a distance of 8 miles 264 feet? 

2. At what rate of simple interest will £315 amount to £379. 3. 4 
in j years? 

What rate of interest for money can be obtained from Three perCent. 
Stock, when £100 of Stock can be bought for £8$ in cash ? 

3. Express and IS- A+if-'flM 11 their lowest terms. 
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4. *• Find the value in decimals of ; 

3+ ~T 

c 7+ i6 

and the quotient of the recurring decimal '1313.. . divided lij the recurring 
decimal *28751875.. 

5. Extract the square root of 324 '00005615; and find the value of 

* V5+V 3 vWi. 

V5-V3 v5+vV 
in both cases to 6 places of decimals. 

6 . If a man can do a piece of work in 77 hours which a hoy wants 
111 hours for, in how many hours minutes and seconds can they do it 
conjointly? 

XVII. UXIVERSITV OF OXFORD. RESPOXSIONS. 

Hilary Term, 1871. 

1. Find the present value of ^1836 due four years hence at j per cent, 
simple interest. 

1. What will be the cost of carpeting a room 15 feet long and 13 ft. 
6 in. hroa<i with carpet costing for. a square yard? 

3. What is the rent of a field containing nr acres 1 roods 79} poles at 
£*■ ri. 10 an acre? 

4. Divide 13681394 by 2400*21 and by ‘001413011 ; and add together 

•14, *ei 16, and *33$- 


1 i of ^ 4f of ^ 
j. Simplify (ij J( i, 1 

S'** 3, 

(.) (i + i + ‘- t AW,-! + i + i + iV 

u i r nt V 'its! 

6. Find the value of ' 

Yj of J^l 4 y of £140- 10. 6 + 1 of a guinea. 


7. Find the Least Common Multiple of 5, 7, 1 6, 18, 48, 76 : and the 
Greatest Common Measure of 1188, 1736, 104. 


8. If no men can build a house 60 feet high in 15 days, how many 
will it take to build a house 55 feet high in jo days? 


9. Find the difference between the simple and the comjxnnd interest 
on £955 at 6 per cent., for 4 years. 
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to. A train 88 yards long overtook a person walking along the line 
at the rate of 4 miles an hour and passed him completely in 10 seubnds : 
it afterwards overtook another person and passed him in 9 seconds. At 
what rale per hour was this second person walking? 


XVItl. Respmuimi. Trinity Ttrm x 1871. 


j. Find the value of 50,000 Iroxes of matches at y. gd. per gross 
(12 dozen). 

2. Th<* floor of a room 19 feet 6 inches long by 13 feet wide is 
covered by a carpet each strip of which is 3 feet 3 inches in width. 
The strips of carpet cost 4*. gd. per yard. What was the cost of the 
whole carpet? 


3. What vulgar fraction is equivalent to the sum of r45 and ‘175 
divided by 2 -5? 


Simplify 




3. Find the value ofc/i. 6 . 8-Hf of and of 

\ of ry.+| of 4f. to* -f of y. nd. 

6. Multiply -035 by 00795, and divide rj by '36. 

7. If a tithe-owner receives ^104. 15. r for a tithe rent-charge of the 
nominal amount of £ioo, what will he receive for a rent-charge of 
^113. 16. 6? 

8. Find the Greatest Common Measure of 7056 and 7092, and the 
Least Common Multiple of 8, 12, and 10, 

9. The Guernsey pound contains 18 ounces Avoirdupois, and the 
Guernsey shilling contains 13 English pence. If a Guernsey pound of 
butter costs jj. 6 d., Guernsey money, what will be tire price in English 
money of ij lbs. Avoirdupois? 

10. The interest on /150 for 73 days amounts to £iH. ly. Find the 
rate of interest per cent, per annum. 

ir. If the price of £100 Three per Cent. Stock is 93I sterling, 
what would be the income obtained from investing £iax> sterling in that 
Stock? 
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Xl)£ UNIVERSITY OF CAMBRIDGE. PREVIOUS EXAMINATION. 

March, 1869. 

i. In subtraction how do yo'u evade the difficulty of taking a greater 
digit from a less? Illustrate your answer by taking 791 from 943. 

а. What is a measure?— a common measure?— the Greatest Common 

Measure? Find the G.C.M. of 13 x 17 x 19, 17 x 19 x »r, 19x11x13. 

3. Divide 14763 by 36 by short division. Explain how you, determine 
the remainder. Justify your method. 

4. Add together 13 ‘o 76, and multiply j’faoij by 

100236, 

3. Add l of f to f of 2$, and multiply the result by $ of J-r-J + {. 

б. What fraction is 8 lbs. tor. r 9 d w t s . 9 grs. of 13 lbs. 70*. 5 dwts. 
rjgrs.? If 8 lbs. to*. 19 dwts. 9 grs. cost /ia 6. 6, what will 23 lbs. 
7 or. 5 dwts. 15 grs. cost? 

7. 41 13 ft. 4 in. x 14 ft. 6 in.” Write the preceding in words, and 
explain what it may mean with reference to the next question. 

8. Find the cost of varnishing the floor of a room 14 ft. 6in. broad, 
and 1 5 ft. 4b. long, at 6 d. per square yard, 

9. Find by Practice the cost of (i) 1841 articles at ^2. 6. 9$ each; 
(ii) 1 tons 7cwt. 11 lbs. 5 02. at ^31 per ton. 

to. A scuttle of coals is charged 6a'. when coals are ijr. a ton; how 
much aught the scuttle to hold? 

ti. Find the difference between the Discount and Interest on 
£313. 19s. for 8 months at 6 per cent. 

11. The Interest on ^300 from 1 June to 10 Sept, is £i. 5. ^t 
what rate is it calculated ? 

13. A tradesman’s prices are 10 per cent, above cost price, if he allow 
a customer 10 per cent, on his bill, what profit does he make? , 

14. On a stream, B is intermediate to and equidistant from A and C\ 
a boat can go from A to B and back in 5 bn. ({min,, from A to C in 
7 hrs. How long would it take to go from C to A ? 

15. I have a certain sum of money wherewith to buy a certab number 
of nuts, and I find that if I buy at the rate of 40 a penny I shall spend 
S 4 > too much, if 50 a penny too', too little. How much have I to 
spend? 
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xx. Previous Examination, Du. 1869. 


1. WHAT is meant by Numeration? Express in figures twenty-five 
millions, thirty-one thousand, and seven. 

a, When is one quantity said to measure another? What is theGreatest 
Common Measure of two numbers? 

Find the o.c.M, of 1019517 and 1231845. 


3. Simplify : 


6+1 


, 6 -% + *xijf of 
6-4t 4 t 9 



4- Multiply 35*603 by 17*61. 

Divide 186*4302 by 3102;, 18643*01 by *51011; and '1864302 by 3*101. 


5. Multiply 43*191 by 6*14, and verify your result. 


6. What fraction k (i) 9 poles 15 sq. yds. 4sq, ft. 81 sq. in, of 29 poles 
18 sq. yds. t sq. ft. 57 sq. in.? (ii) £9. 1. 3 of £12. 13. 9? 

7. Find the expense of building a wall 108 yds. long, 3 ft. 8 in. high, 
14 in- thick, at ^14. 13. 4 per rod. 

N.B. A. rod of brickwork consists of 271} superficial feet, the work 
• being 14 inches thick. 

8. The area of a square garden is 4 roods 1 pole 19 yds. 6f ft., find 
the length of its side. 

*9. Find by practice the value of (i) 6410 articles at 4 r. 3^. each; 
pi) 5 tons 3 qrs. 17 lbs. at £7. 3. 4 per ton. 

10. A pays ^9. 3. 4 more rates than B, their incomes being equal : 
living indifferent towns they are rated at ar- and is. 4 d. in the £ respec- 
tively » what is their income? 

11. At what rate will the interest on ^316 for 15 years amount 
to^aao. w.? 

14, A and B run a race of | mile on a course i of a mile round: 
they run in opposite directions and A wins by 40 yards; where was B 
when A passed the post the first time? 
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XXL Previous Examination. Dec. 1869. 

1. Find tlje sum of the products two and two of 119, 373, 584. 

Multiply the result by 10000 and express the result in words. 

I. Divide eighteen thousand one hundred and five million and thirty- 
two thousand by nine thousand seven hundred and thirteen; and find 

of the quotient 

3. Find the value of 500 times the difference between an eu»hty*fourth 
part of cwt. and a thirtieth part of icwt. oqrs. jibs. 

4. Find the value of £ of f of T * f of if of 147 guineas. 

5. What will it cost to pave an area 166 ft. 3 in. long and 48 ft. 9 in- 
broad at tti</. per square yard? 

6. State and explain the rule for the multiplication of fractions. 
Multiply together the fractions 4!-, if, and add the result to 4J + 3J. 

7. Divide 3833336 by *03 1 x 1 ‘03 ; and by 8*99 x to'8. 

8. Find the square of 38'0i9 ; and the square root of 18947-5125. 

9. Find the value of of £360. 1. 35 and of ‘of x tol of 

& 6. 

to. Define interest and Jiueuni. 

What is the present worth of j£$ 7+7 due 9 months hence, the rale of 
interest being 3} per cent.? 1 

II. A ditch is being dug at the rale of 81 ft. per day by J4 men; after 
13 days’ work 8 of them are replaced by boys, and the work gives on for 
11 days more, at the end of which the whole length dug is 1889 fait. 
How much work per day do the boys do? 

11. A man buys goods at ^15. 6. 3, and sells them again at j£ii. 15. 9! . 
How much does he lose per cent.? 

XXII. Previous Examination. March , 1870. 

1. Multiply 709514 by 381569, and express the result in words. 

3. Multiply the difference between and |J{ by the sum of 4/f 
and if; and the result by the difference between iof and 5}. 
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3. Find the Greatest Common Measure and the Least Common Mul- 
tiple cf 936 and 1923. 

4, Find the square roots of the sum and difference of < 93477 ®* 
and 34983860. 

3. The sum of the ages of A and B is now fio years, and their ages 
to years ago were as 5 to 3. Find their present ages. 

6- Reduce to their simplest forms the expressions : 

0* +, ‘-£K ,B 

divided by l T * T + <1 - “ g “ ^ ■ 

7. Divide '0863547 by 000713 to four places of decimals: also divide 
104 by 7, and shew why the decimal recurs. 

8. Find the value of '^t^+'oJiJi+S'tot ; and of '90563 of j£j. 

9. Multiply j£i4. 6 . 3 by 6 '9869 ; and divide ^147 by 5 ' 137* 

10. Define Simple and Compound Interest •, and find the Interest 
Simple and Compound on /5000 for 3 years at 4^ per cent. 

n. A man buys goods at the rate of ^14 per cwL: and sells 3 tons 
13 cwts. r qr. for /100a. How much has he gained or lost per cent, 
on his outlay? 

n. If 175 men and 240 boys do in 1330 days the same amount of work 
as 603 men and 1005 boys in 350 days, compare the average daily work 
'fcme by each man with that done by each boy. 


XXll l. Previous Examination. April 1870* 


r. Excess in words, 43146675 ; and, if the quotient obtained by 
dividing it by a certain number be 743, determine the number. 


1 . S implify the fractions : 



and to the difference of the first and third of these fractions add the second. 
* B-S, A. *5 
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3. Multiply 76*371 by 8*54- 

Divide "37848 by ‘436 ; 3-7848 by -0436, and 3784'8 by *00436. 

4. Divide i-pdot by 7*456. _ 

5. What fraction of a qrs. ro lbs. 7 02. 9 drs. is 1 qr. 70 2. 13 dre.? 
What part is^l. iff. ic. 5m. of/6. 1. 6? 

6. Find the expense of turfing a plot of ground, which is 40 yds. long, 
and 1 00 feet wide, with turfs each a yard in length and 1 foot in width ; 
the turfs, when laid, costing 6;. 9./. per hundred. 

7. A square hlocli of stone, a feet in thickness, is, in cubic content, 
5 cub. ft. 34 in. : what is the length of its edge ? 

8. Find by practice the value (i) of 5361 things at £u 3. 3J, (ii) of 
3 lbs. 4 oz. 7 dwts. at /+. 3. 6 per ib. 

9. A gives away in charily * of his income, and pays ~ of it in 

rates and taxes— with these deductions he has £473. 13. 1 left, what is 
his gross income ? 

10. A force of police 1911 strong is to be distributed among 4 towns 
in proportion to the number of inhabitants in each ; the population being 
4150, 11430, 14900, and 19030 respectively: determine the number of 
men sent to each. 

n. Find the discount on ,£388. 17. 9 due 18 months hence, interest 
being reckoned at 4 per cent, 

13. Find the alteration in income occasioned by shifting £$ioo Stock 
from Three per Cents, at 86§, to Four per Cent. Stock at r 14^ ; e ^the 

brokerage being ^ per cent, on each transaction. 


XXIV. Previous Examination. Deo. >870. 

I. Subtract two thousand two hundred and two millions two thousand 
and two from eight thousand six hundred and sixty-six millions sixty-six 
thousand and sixty-six. Divide the difference by sixty-four, and express 
the quotient in words. 
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3. Simplify; 


(1) 


q-7lnl- 4i . 





3. Divide 1*9517 by 673000 and 64000 by '0008. 

Reduce 45^ and to decimals and *9375 and -$2$ to vulgar 
fractions. * 


4. Find the value of *0013671875 of a mile, and teduce 10 lbs. j oz. 
to the decimal of a ton. 


j. Sound travels at the rate of 1140 feet a second. If a shot be fined 
from a ship moving at the rate of 10 miles an hour, how far will the ship 
have moved before the report is heard at a place 14! miles off? 

6. Divide /19 into an equal number of half-sovereigns, crowns, half- 
crowns, shillings, sixpences and fourpences. 

7. Extract the square root of 31139684, of 17^ and of *121 to three 
places of decimals. 

8. What is the rent of to acres 3 roods 36 poles at £2, 8. 10} 
per acre? 

If 3 cwts. 3 qrs. 31 lbs. n| or. cost £4. 8. 9, what is the price 
per cwt.? 

9. If the cost of papering a room yards long and 6j yards wide 
|vith paper a feet wide at 4 d. per yard be £1. 19. 8, find the height 
of the room. 

10. Find the present value of ,i’8o8. j, 4 due 3 years and 9 months 
heijce at 4 per cent, per annum simple interest. 

11. By selling out /4500 in the India Five per Cent. Stock at 111$ 
and investing the proceeds in Egyptian Seven per Cent. Stock a person 
finds bis ^income increased by ^168, 15* What is the price of the 
latter Stock? 


13. If 3 pet cent, more be gained by selling a horse for £83. jj. 
than by selling him for j£ 8 i, what must his original price have been? 

13, At what distance from London will a train which leaves London 
for Rugby at 3*45 P.M. and goes at the rate of 41 miles an hour meet 
a train which leaves Rugby for London at 1*45 r.M. and goes at the 
rate of 15 miles an hour, the distance between Rugby and Luadon being 
80 miles? 


25— a 
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xxv. Previous Examination. Dtt. 1870. 

1. Multiply three hundred, and forty-three millions four thousand nine 
hundred and seven by two hundred ahd sixteen millions three thousand six 
hundred and six. 


3- 

(1) 


Divide 830718 hy 131 by short division and explain the process. 
Simplify 

* of of 14 i 4~4 tS x 3 -i| 4-3$J 


23 


4&I : HU 


'4A. 


(l) 4|J X 


43089 


4. Subtract 3 05 from s'oi^ and divide iroji by 5300 and io’24 by 
‘0118. Add together '35 of ior,, 54I89 of ns. 4<f. and “13ft of nr. 61/., 
and reduce the result to the decimal of £\ . 


5. A dock which was rj minutes fast at a quarter to 11 r.Jd. on 
Dec. a was 8 minutes slow at 9 am. on Dec. 7. When was it exactly 
right? 

6. Extract the square root of £46111, of 63}} and of '169 to Ihrec 
places of decimals. 

7. After paying income-tax at the rate of 4//. in the pound, a man 
has 4*491. r3- 4 remaining- What is his income? 

8. The sum which will pay A' s wages for 61$ days, will pay B' s 
wages for 81 $ days. For how many days will it pay the wages of A znd 
B together? 

9. Find the present value of 4$ 78. 1. 4 due 3 years and 4 months 
hence at 4^ per cent, per annum simple inteicst. 

10. How many pounds of tobacco at 5/. 3 d. per pound must a 
tobacconist mix with 4 lbs. at 6 s. 6 d. that he may sell the mixture at 
Jl. K*f. per pound and gain 33 } per cent, upon his outlay? 

11. The difference between the incomes derived from investing a certain 
sum in Six per Cent. Stock at ri6 ami in Nine per Cent Stock at a to is 
£21. ior. What is the amount invested? 

II. A can beat B by 3 yards in a 100 yards race and B can beat 
C by 10 yards in a aoo yards race. By how much can A beat C in a 
400 yards race ? 
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13. Two beats start to row a race at J o’clock. The race is over 
at SJlninutes past 3, the losing boat being 40 yards behind at the finish. 
At 4 minutes past 3 this boat was Joo yards from the winning-post. Find 
the speed cf each boat in miles per hour. 


xxvi. St John’s College, Cambridge, Dec. 1864. 

*«' Algebraical symbols may not be used. 

1. Frovc that the order of multiplication of two numbers is immaterial. 
Multiply 4317 by B14 and explain the process. Multiply 3*856 by myn 
using 3 lines of multiplication only. 

j. A person shooting at a target at a distance of 500 yards hears the 
bullet strike the target 4 seconds after he fired. A spectator equally 
distant from the target and the shooting- point hears the shot strike 3^ 
seconds after he heard the report. Find the velocity of sound. 

3. Define the G.c.M. of two numbers. Find that of 80*9 and 13791. 
Find the G.C.M. and L.C.M. of 157 days 7 hrs. 4 min. 7 sec. and 143 days 
1 hrs. n min. 49 secs. 


4. Add together •— , 
and simplify 


6 j_ 

1 55 ’ 217 ' 


.L X. X 

»59* 333* 38?’ 


JL 

i + i + i 5 i + r 6i 

tjofi J -L 

2 4"3i+4i 3_ , 4$ 

iis 


5. Find the area of a room 17ft. 4 in. long, and 14ft. jin. broad, 
and the cost of carpet 1 ft. 1 1 j in. broad, at 51. ij(f. per yard. 

6? Find by Practice the cost of (i) 4311 article? at £j. it. 8; 
(ii) 1978 at 9. 1; and (iii) 114 acres 3 rds. 19 poles at £115. 7. 6 
per acre. 


7. DivMe (i) 3-003 by 14818 ; -(ii) ‘003003 by -014828; and (iii) 300-3 
by 1 -4818. 


Find the value of -41857! of £$. 4. 3? + -1875 of £5. 11. 8 + * of 
■fit of 4f. 9&f.+'ooi of/i.o. to, and reduce it to the decimal of £5. 

6. If 78 tons 10 cwts. 3 qrs. io lbs. 1 or. cost £jti. 4. 44, hod the 
cost of 113 tons 8 cwts. 1 qr. 13 lbs. 13 02. 

9. Find the difference between the simple and compound interest on 
jf*757‘ 3- f° r j y^ars, at 5 per cent. 
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ip. Define discount. Find the discount on £101. jJ fut days, 
at 34 per cent. * 

if, A person buys an article and sells it so as to gain 5 per cent 
If he had bought it at 5 per and sold it for ir. less, he would 

have gained 10 per cent. Find the cos^rice. 

1 a. A person has ^5000 Three per Cent, Stock, which he sells and 
invests in Three-and-a-half per Cents, a! 87J. If the increase in his income 
be jCs, what is the price of the Three per Cents. ? 

13. A person invests ,£14970 in the purchase of Three per Cents, at 
50 and of Three-and -a-quarter per Cents, at 97. His total income being 
£500, how much of each Stock did he buy? 


xx Vi 1. St John’s College. The . 1869. 


1. Explain the principle of the decimal notation for integers. Write 
in figures one hundred, and five millions one thousand five hundred and 
ninety eight; and divide that number by the number represented by 
MCDXCtX. 


a. Find the number of hours from noon on Dec, nth, 1769, to noon 
on Dec. nth, 1869, What would be the amount of one farthing for 
each hour? * 

3. Find by Practice the cost 

{*) of 13875 articles at £i. 18, 9 per 100, 

($ of t+ acres, 3 roods, j 6J poles, at £53, 7. 6 per acre. 

4. Find the Greatest Common Measure of 4414+1 and 84+171 nnc^the 
Least Common Multiple of 7, ir, tr, 63, 91, 99, 117, 143. 


5. Simplify - - ^ - ~ 4. i ; and multiply the result by the sun) of 


6. State the rules for reducing terminating and circulating decimals to 
vulgar fractions. 

Express as vulgar fractions '037I8J and ’*37184; and reduce to a 
jingle decimal. 


04175 4'iitS rf 
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7. Reduce 3 cwts. 3 qrs. 5 lbs. 4 or, to the decimal of r ton; and find 
the value of that decimal nf £±. 

8. An article which cost 19 guineas per cwt. is retailed at 4?. firf. 

per lb., there being a waste of 5 uer ajpt. What is the rate of profit 
per cent? * 

9. If the interest on ,£133. a. 6 at 5 per cent, he equal to the discount 

011 jC 3 57- for the same time at the same rate, when is the latter 

sum due? 

10. A person buys Six per Cent. Bonds, the interest on which is 
payable yearly and which are to l)e paid off at par, 3 years after the time 
of purchase : if money be worth 5 per cent., what price should be give 

for the Bonds? 

ri. The Three per Cents, are at 91$ and the Three-and- a-half per 
Cents, at 96J. A person has a sum of money to invest which will give him 
>£100 more of the former stock than of the latter. Find the difference of 
the income he could obtain by investing in the two stocks. 

1 J. A contractor employs a fixed number of men to complete a work. 
He may employ either of two kinds of workmen : the first at lfir. (W. 
per week each, the second at 18$. CJ. per week each ; the work of one 
of the former being to that of one of the latter as 5 to 4, If he finishes 
it as quickly as possible, he spends /270 mor^than be would have done 
if he had finished it as cheaply as possible, but takes 4 weeks less lime. 
What would it have, cost if lie had employed equal numbers of the two 
glands of workmen? 


xxviii. St John’s College. Dec. 1870. 

I. Express in figures three hundred and sixty-two millions two thousand 
and seveji, and in words 916892363107431, and divide the latter number 
by the former. 

1. Multiply 1389 by 3175, and explain the process. 

By what factor less than rooo must 4389 be multiplied so that the last 
three figures of the product may be 438? 

3. A gallon contains 477*174 cubic inches: a cubic foot of water 
weighs rooo ounces: how many gallons will weigh a ton? and what is 
the weight of a pint ? 
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4. Define a fraction, and shew that its value is not altered if its 
nunrrator and denominator be both multiplied hy the same number. 

Find the sum of 


(MV (M\ M.M.nndM. 

\7 V \* ir Tr 4 7 3 * 7 

Reduce 16 days 11 hrs. 47 min. 25 secs, to the fraction of 13 days 3 hrs, 
30 min. 03 secs. 

5. Knunciate the rule for the division of decimals. 

Divide (i) 56**59 by ('316. 

(ii) *56159 ty U’«6- 

(iii) 5625*5 hy *oor3i6. 

Find the value of -odon 1133+45366778$ of 4 miles 4 furlongs. 

6 . Find the area of a court 59 ft. 4 in. long, and 48 ft. 9 in. wide, 
and also {by Practice) the cost of paving it at 4/. 61 . per sq. yard. 


7. A sum of money was put out to compound interest : the first year s 
interest vras £ 6 y 1. 1, and the fourth year’s interest was ^73. 4. 8. 
What was the sum, and the rate per cent.? 


8- If the discount on j£a6i. is. at per cent, he iyr., when is the 
soul due? 


9. A person by selling an article, which cost jfu per cwt., at ts. $>?. 
per lb. makes s per cent, more profit than he would do if he sold the whole 
for j£jj. i{. 3J. What was the amount sold ? 

10. A person having! to pay ^401. 3. 9 two years hence invests a 
certain sum in the Three per Cent. Consols, and also an equal sum next 
year together with the interest already received. Supposing the price uf 
Consols to remain throughout at 96, what must be the sum invested on* 
each occasion so that there may he just sufficient to pay the debt at the 
proper time? 

jr. Three men are employed in a work, working respectively 8,9^0 
hours per day, and receiving the same daily wage. After three days each 
works one hour a day more, and the work is finished in three days more, 
If the total sum paid for wages be £1. 7. (ty, how much of it shculd each 
receive? 


I*. Ash saplings after five years 7 growth are worth ts. 3 d. y and 
increase in value ir. yl, each year afterwards. For their growth they 
require each twice as many square yards as the number of years they 
are intended to grow before cutting. A plantation is arranged so that 
each year the same number may be ready for cutting. Find the greatest 
annual income which can be obtained per acre, allowing w per cent, for 
expenses. 



ANSWERS. 


N.B. The answer has not been given when it is to be written off 
directly front the question. 

Ex. 3. 

I- 149050. 2. 340667. 3. 47423136. 4. 382169. 5. 95990548a 

6. 488592023. 7. 31817108. 8. ,£75249177. 

Ex. 4. 

1. 84489. 2. 757569. 3. 533884537. 4- i*«3 ,6 5- 

S* **37 r * 6- 1273. 7. 6140. 

*• 575 416; I ; 457944; 140936. 

Ex. 5. 

1. 5*07035*; 4556«558; S8579M6; 7810552B. 

2. 1024848586; 1973316695; 2706262896; 4059394344; 7442222964. 

3. 24I49786524; 296988105062; 5327809224181. 

4. 28631518784; 213J48118864; 63840278567472. 

5. 329932OOOO; 51*34700000; 2471769OOOO; 268445610000000. 

6. o. 7.18489025. 8. 147603 yards. 9. I577395<>2; 303794712; 

4188179204. 49110419796; 144872064531; 63723226584. 

*s. 1515868. 

Ex. 6 . 

1. 99^308235 66087115.. .4; 113192369..,!; 88116387. ..1; 72095144. 

2. 15280669... 14; 21753134. ..5; 2687887. ..91; 1 93421. . 811. 

3 . 43439... 549^ 26171. ..7874; 5812. ..6639; 4167... 1898. 

4. *733534-7; 11959*1 .15; 1063041. .7; 797280.. .79. 

5. 28716695... 68; 19339815. ..68; 10028032... 152. 

6. 1308913, .<46; 98168. ..426; 6544 ...6816; 24542.. .426. 

7. 11433118.. .54; 653166.. .334; 6566 .27734; 42401... 18834. 

8. 9396—538. * 9. 3507 - *°- 6905. 11. 1887378. 12. 1095278. 
13. 671999. 14. 67. 15. 191919 miles... 95 miles. 16. 13211. 
17. lifts 1 ? 1 - 
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Ex. 7. 

1* *‘ 055559 - 2 - glI 5 ‘- 5 - *5<Sio; 7814. 4. 4565337$ ; S861. 
5. 1639799; i; 3185. 6. 1877; 1117. 7- 73; 1 504- 8 - I0 ° 8 ; ‘3 to - 

9. 8969578. 10. 5761; 76. it. (315-193) x(3o6-^i7) + {iooc.+ 99); 
1675. ii. 34856-763x41 + 1998-^(663-441}; 3581. 

13. 106; ro$o. 14. 9801; 639. 15. 33111511848. 16. 10091+01. 

17. Each side is equal to(i) 1870; (1) 791; (3) 717409; (4) 1481040; 
(5) 1771561; (6) 190511; (7) 8794995‘n W 755301239 - 

EX. 8 . 

1. *7; 55- *• 3; 707. 3. 37; 999; j. 4. 365; 571. 

5. 117; 1+76099. 6. 11; 41. 7. 59. 8. 69. 9. 3431. 

to. it. 11. 84. 11. No, G.C.M* is 37. Yes. 13. Yes; Yes. 

14. *63 gallons. 15. 40 grains. 16. 35. 17. 15. 18. No. 

EX. 9. 

I. 1716’, 73&r ' 2 - 9896415; 6371*5; 404040a 

3. 67868155; 103667; 30044+309(1. 4. 159137; 4029051. 

5- 1618055; 7158671. 6. 17710; 33+639305- 7- 7 10 7io- 

8. 456316315. 9. 10080; 7560. 10. n88o; 351800. 

ir. 180180; 17710. ii. 15100; 9818, 13. 863940. 14. 98180. 

15. 601910. 16. 1510 sec. = +i m. 17. 8. 18. 76. 19. 981833. 

10. 875. si* 60 min. 

EX. 10. 

J. «7 : P‘-; 23 : 23 ’ 2 P ‘-5 37 : 7 - 

3 - 4 ‘ ; P r -: 63 * 4 - 4 - 5 - 5 - 6. 5. 

7. 4.3.7.11; i*. 5 - 23 '' 2 * 5 ; 2> - 3 *“- 

8- 7 -n « 7 ; 3 *- 5 - 7 S 2< 5 4 - 

9 - 3 * 719 ; 3 * 5 -»‘? i 4 - 3 4 - 5 *- 7 - 
10. 1*3. 5-7. 13 1 ; * 3 -3*-7-«« ; fa 'i 
If. 3 *- 5-7 "J 7 -« 3 ‘ 9 - 3 1 ; 7 *- 3 ‘* 

»■ 3 - 5 , - 7 - , 3 *i 5 - 7 * * 3 - 3 ' ; fafai 

13. 41*13-17.19; 7 4 . 17*. 193. 

14. 17*. i 9 - 3 i; 13* r 7 a 89- 

‘ 5 - 3 5 ; i , - 3 , - 5 - 7 - I, -‘ 3 = 54 0 54 0 - 

16. j; »*3* 5* 7. n 1 *=3186900. 

‘ 7 - 3 - 5-7 = 105 ; 3 *. 5 ’- 7 *= “015. 

18. 32.7.11=693; 3 l .7*.n , “i6ooS3. 

39. 19; 13.17.19.11=88179. 

EX. 11. 

5 W; Wi'friWiW- 

6. H*i?, 
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7- HF; HI 4 ; 

8. m; tr; tiHi. «| 109I s «tf j itfii 43tfi i35tff 
9' »7<SH; 634!; rtfil; *8itftf ; s 3lfff ; 

»0* J r» 3uJ 3H; $8Afe; ,8 H; 4<HI ; BH+ttl* 

«* 141}; I 37 {f; 40 *V * 

Ex. 12. 

I* H> H> tf- Hri ttt! HI* 3* HI. lV&p tfS- 
4- Hi H*» H- 5. ftfl; W; -W* 

6. W;W;W;W- 7- 5 *; m; 8A; wl; i«i; w* 

8- ft ; ftV; tH; fli; tt» it* 9 - ft; H» itf » 3*V 
to- itf;tf;itf- ii* u; hj>H* i*- <* 8j. 


F.x. 13. 

!■ tf > Hi H* ’• Hi Ti ft* 3- Tf* Hi 1* 

4 - Hi tV s- ?* i- 6 - H ! ft*t- 
7* tf.ft.flr. 8* }i:tftt;flt* 9- M? Hi* 
io- ftft; H- 11* ft; flftVft- r? - H» IHui- 
ij- 7)» J 7l » Mt 14* 63; 94^ ; 87I. 


Ex. 14. 

i. H Hi tf» Hi |H« Hli III. rH- 
*. HI. m. HI. HI. IH; Hi tf. II* tf* 

3* if»i tfti ttl* HI* flft’ft, HrHt' 1 1 U ot 

4- fH> Itti IH> HI. HI ! IH» ‘sW-> IH. Wt IH- 

5 - tftt, Hti. HHi IHli V.W. HHi tftf. HH» HH. Ml. 
tftf, Htf. 6. wfl, mi. flW. tttt. HHH; 
vfl, w. m w, w- 

7 . H.flHs tt.tf.Hi loftf. 3 l.fl* 8 * ^ tf- 

• ®+9 JL. 1* tt. 4 '* 18. 1 t S 4 * 4 ? 4 ? I jl 

9* ™ 17+"*1 ? Tr ' H. 14+l6 «H. *• 71 6+r ni. w ' *» *■ 

10. ft, ft; tf. \h W- 7 ft* »• Hi m* I*- IH 
13. flft> IH- tt*. IH. «■ 


Ex. 15. 

1. 3; i 6 ^j 33 liJ* *• 3 ti; $Hi Jtfil* 

3- +- »5i >otff! 5- 5«o ; 4HH* 

6 . i8U;73tfl' 7 • «5tt- 8 * 49tf- 9- »• l0 - i+l- 
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Ex. 16. 

*• A? aA; ’• 61V; iyj?i A; yV 3 * ill; jHi 

4 - 5}5i «AV; '3 A*i; 'itt; HM- s- t; i|. 

6 . o; o; jVA‘ 7 * •II» »r?‘ ill Ui HI; 

9. Jotf; r|f. ip. i\\- 11. u- » 9 »SV 

13- 3H; 34 M- «JM- *5> ”HfH- 16 . n5». 


Ex. 17. 

»• lA. if- i*. < 7 , 51. 615, 1. 45 1 Hr. ” 9.1 Mi. 90 , SI- 

S’ ifi, liSjf, SjJj. 4. lJHii 1 1 A »■ S’ 37 i> &* 

0- a|, foj‘4 3. 7. Hf. +9«1 t’ 

8 . ”7. 44'i< , 9+7i 373%n, 16871 ISV 9- *>61, 33 A- '+• 

10. atyfa ? r *A, 14H »«• 3< V„, iSJSJ- 

”• 3 7 399iVi> 99 s 999Hii> 49 3 S3(' '3- 3 S«°- 

M- l 15- «>94i’ >3AV 


Ex. 18. 

l • 43tV «94H* 7 °iV»- «& 3 «Vr. 9*»H* >• 156. 9ii. < iVj. 4§> sH< 

3- A. «M. Ml- 4' f- Alp. 4r 5- 8, II- 
S’ flrV AV *• I lit’ tS. 8, if 
9- 417^11. /A, iVr '«■ 7lHf 9lHl» H- 
11. A« * 4 - ”■ m ,ib * 3 * IT’ r + m 

is- Hf jS- sMU- « 7 ’ «A- 18. &1H- 


Ex. 19. 

1. Hi; * 4 - * A; hW- i- Hi; So. 4 - M; »*!■ 

5- Ht; * 3 fy 6 * *'A; iBoij. 7. Ah: toH> 

8. rV«< 4458 A- 

Ex. 20. 

1. A; ift; **!;•»- 3 

s- 31 AA; AV A- 4 ’ 7; sH; ilttM; ♦»- 

f. sAViiHHiiVi- 6’ *A;A;ltt!A 7 «; *- 

8 . 3iV 9- 4 ; tH- jo. AW, if. AV n- i; 1. 

”■ Mi it- » 3 - 'I; *iVr; 4 i' * 4 - 3 iVA* 4 tiHtti 'lit 

15. 6}J; 1. 16. ,1,. 17. W- I*- fttM- 19- Ml- »• j8i- 
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Ex. 2 1. 

13 . i+. 

IS* r 3 Wir; 9 iWtr; * 3 tHf * 6 - , 2 iWir* 

Ex. 2Z 

1. 6676*219354. 1, 417-11157- 3* *584-357845. 

4. 669-3001. j. 18-88544; 6-0*4696. 

6 . 8 ooaoi ; 8-99949. 7. 405 - 970973 * 8 . 9932 - 1137939 * 

9, 30-836; 55-9*641; *00099. t0 * 4*911002; -088913. 

u. 1 6*6799684. i*. 15-635563. 13. 6-171156. 

14. ’034353- 'a* '***8487; -0457575! *999644; **345679; riot. 

16. 314159*7* 

Ex. 23. 

I. 981-99883; * 30 - 615593 ; 3 - 399844 - 

*. -8499745; -00656448; ’81008. 3. 0415584; -oooi ; 49-07070:. 

4- *001353; *00003738018; *7614948* 

5. -0487191147; 290; 819. 6. ’0177775; -ooi. 

7. 11-66806; 23-68676; -ooi. 8. -0672; 9-56709. 

9. 10; lo-oi ; 1545; 1 10000. to. 1*9300; *7567; 1260. 

II. 137; *0081; 3267*578115. 

12. 104-69785..., 1-8546136..., -1181659... 

13. -on; 790; 91-418571... 

14. 14018000; 2590; 2895-764013. 

15. 567-8; *576; *1385* *6. -007853; -0031; -0046. 

17. 11*31; 2500000; 009990009990... 18. 30a 

19. -00213...; -0065008... 20. 6*0360...; 91-336... 

*1. *0121681...; 36541894-0318... 

2 * ’ 30685 ; lOJOO. 23 . 1 + 7 ; 2 * 96 * 

14 . 15 - 845686 ; -OOOI I... * 5 - * 9 ; 85 - 1 ; 3 * 6 * 4 - 

96 . 1812 - 5 . 17 - 961 - 68313 * 1 . * 8 * 6400 . 

*9* **Sf*9S; 5909-00011875. 3«* 11531*4^614 • 


Ex. 24. 

1. 3 ro6j 167-90. 2. 643*319; ’'H 6 - 3 - -* 7 * 00 * 95 ; i 5 ‘ 45 6 45 * 

4. 1180-5.03* 5. 64-10153* 6. 5-74- 7 - 30969- 8- ' 954 * 3 - 

9* - 393754 - ' 0 ' r 4'*6. "• ‘‘ 495 - 1** 6 34 ’ 3 . * 3 - *6-45 15 77. 

14. *13059- > 5 - 3 °’ 799 - l6 - '434*94; * 3 l ® 3 ° 9 - 

17. 1-1037; 1596; ‘-3446. *8- r 15864; 1144*3**58* 

19, 1-1311; 1904484. 20. 7138-88888; -70318; 1148-58183. 
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Ex. 25. 

*■ ‘87s; ‘ 8 h 5 J ** 3375 ; <5 ' 8 4 3755 * 32 * 6 ; 7578125. 

a. -31 763 ; ‘68359375] ‘*135546875; ‘913464; 10009765615; 

1-687841 796875. 

3. 0008 i, ’0711; *35911115; 57*6650390635 ; *m. 

4 * 5 4 839 » 5 ‘ 5 - 2-183145. 6. 83*03355. 7. -oooi! -008686. 

8. '7141...; 1-913... 9. 89-135194...; 1-88871313... 

10. 0. II. H, 411 , 1V5. U* 1. 4< 5. 8, 10, 16. 

* 3 - 1*6; 4 * 6 ; 3 ' 6 « 45 ^; 464; ’ 574 * 

14. ‘9146; l$6; 9-369; 1 '1391045. 

15. 18*1893; oil6; 5-783; 11394. 

16. 1733108; 5*187!; 1-06198; 10850694. 

* 7 < ’ 7 * 5 *$; 3 ' 35 ^?; * 10434 ; *967; 4 . 

18. 1*9511!; -73806; 1*19573176; -4990774. 

19. *714185; 7*461538; 4-803571418; 126984; 7-1893. 

10. 13 94I30769; *$44055; 2-45700*; *75140384615. 

11. 3*4556097; -907967032; -204633; ‘999006. 

21. 1*76114$; 3*780003; -9411764705881351; -894736841105163157. 

* 3 ‘ * 4 - 

15- t; Ml; W- * 6 . Ai*rft;T«»i 3 A. 

27. A; rffff ; 42>85^- * 8 ' M; SjVA; AS’ 

29- 37 lH; iHM; iMfi- Jo. 

31* 32. 


Ex. 26. 

1. 408^2031!} i 3 * 259 + 35 £ 2 < 5 . i. 73-5149411!; 100. 

3. 44*501177983}. 4. 107*77164749359. 

5. *0066; 8-6198; 734-668567003. 

6. »'995?; 3'66i$ij-j86; -7131493506. 

7. -95436; ‘9416; 74*35?9^29- 8. 3-3878; 41406; 13-917; 13-36. 

9- 38*0375; '5101463d; 8-3876416. 
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10. 731*16439$'* *715*1*13693; 71*8803 178135. 

11. ' *+3«+43‘&; 5'37<Si+897?; *74878703, 
ti- *+9°57 8 ?°i ; +*8181639610389. 

13- i*i8i; ‘^ 3 ; » 7 otfAV* 57 °’ 33 ^ 3 ^ 6 }; 3*63. 

14. 36*6; 1*36; 67*43; 580-96. 

15 . i*HH :=, 1,8 ^ 791368 h 57 o 1 459 0 3 ; 46178*6836*1; 

J!W 5 - ss « 9 - 9 J i oo 3 ° 864 , 973 . 

8. 4. 9. 9 

16. nf 1 41066; 3*1J; 134*4; 8*i& 

17. 6*945116; 1*5*47; ‘*4; *77> 

18. *4459; 1*9714165; *1; 8*18746; 6-7*47619. 

19. *t6; 1*6875. J°- *8863; 4 iSVs ; 37**V 

*i. 4-1168^3; *0445706. **. *530*6. 13. 3*083 ; 

14. *0001938. 15. (1) is greatest and (1) least. 16. 1110*11*00069. 

17* 3887‘755- * 8 * !K. 3*14159^ and 3+ 

19- ‘3 fi ; *85; i*n55 *<»94- 

30. (1) *149999 - (*) *1 66666... {3} -00097059. (4) 1-718181... 
(5) *10*73*... (6) 3*141 59 * • 


EX. 27. 

I. 134; 897; 9°7! 3579; 9878; 4<*>7- 

*. 9 - 68 ; * 359 ; * 1679 ; * 0907 ; 60 * 49 ; J 008 - 

3 . 76963 ; 56804 ; 87056 ; 76008 ; 8004 ;. 

4 . 15 * 367 ; 534 ' 76 2 ; io*oi 37 ; * 0708069 . 

* 5 . 103 - 975 ; 90888 ; 600 * 098 ; 9688669 * 

6 * 3476905 ; 76050*40091 887145333 . 

7 . 168 J; sf; 13 H; 55 Ai 4 * 3 J r 8 3 ! 68 * 83 . 

8. 4*91; 55*9! *7*5018; **5; '083. 

9 . 4 * 47 * 1 ...» 00031159 ; * 316 *..., * 00001756 ; 1 * 7714 — ' 00019089 ; 
• 1095 ..., - 00000975 ; 13 * 1381 . ,, - 00061476 ; 3 * 5449 -. ‘ 00004399 . 

10 . - 0814611 .; ' 7745966 ...; - 9607689 ...; 4661151 *...; 5 * 1164104 ...; 
10 - 4939015 ...; - 0967000 . 

II. - 01705544487 ...; 3 - 1 : 889756943 ...; 9 - 89444188483 ...; 
• 97014150014 -; ' 941954 + 4573 —; * 16134168690 ...; 
• 58881136400 ...; ' 371 7679 * 4 Jt- 
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n. 8-68016497191413...; 1-73105080756887...; -84515415471851... 

13. ',-58786910639318146...; 00594306318314145...; 
■16590801173915541... 

14. •164575131106459059050..,; 11519964086141667J8849,..; 
7*100704190430691769065.'. 


Ex. 28. 

i. 97; 134; 616 ; ‘191; ‘«99- *89; 56*09; 43395 7 ° 8 +* 

3. '3841; 1-305 ; 5836; 10*37. 4- 8888; *4607; 9889; 800 8. 

5- 45333 ; 1-9989; 563-89. 6. 459684; 886437163. 

7> ff; rf; > 5 } 7 t 5 » jtl 3 ?; * 5 ’k 

8. 10-111071614...; « -808193 1033,..; *1151134170...; 1-7099759466-..; 
■85058074056,..; 1-9813073175... 

9. 1*5135076171833..,; rj956ti4i5086...; ' 75394744 * ** 93 - i 
*41351151199011...; -41864727149153,..; 68/63455*17716... 

10. *91163187770011.. ; 1 *64875 1 43904066 . . . ; -11599110498948...; 

•18844991406148... 

it. 1-198014613176667544089 -144114957030740838:3,. ; 

7-35547180856778174984. ..; '135 *3346877 10075748$-; 

4-341171106625199130788... 

11. 1*5511335180711.,.; '6446898173744...; 1-11868804063096... 

13. 14 4014915331 183...; 11840154166877...; 4-569463863518...; 
•169311334656...; 4-806066163196. .; 3778994340959... 

14. 799; 4*18446843506...; 10551537959134...; *868301469035.55... 

15. 1*6597013896947...; *4937448591186...; *9588131805648 ... 

16. -95958894439...; a'4341470115193...; 9474839 »*^ 4 > - ■: 
1*1863841194644...; 1-6335444707516... 

* 7 - A -' 53 ; 6’3 i 1 W = 4*18947 36841 . . 

18. Each exprtssioD- -1679491914311 2... rp, £'35. 

10. 886437165-3931815151769293 


Ex. 29. 

1. 3 J5J 9 : 49; 7 :8 i J : H 209 1510; 11 16:4 13; 16 : 18 : 10 :*l. 
a. a ! 51 9 I 5®! 100 ; 483* 3 - 7 : 9; 8 : 15; 4I : irj. 

4, No. j. Y». 6. 6. 7. 3AV 

8. pj; 70; 0001; 770; *0135... 9. 6; -oi; 16933... 

10. 91:81. 11. 16:14:30:35. ii. 313. : 3*4- 

13. 7*. 14- \ IJ- 9 : 81 
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Ex. 3a 

I. 81481!/,; 111711/j 46079/!; 4»*353(K). 

3 . 6637437 *; 360173971. . 3. p6oo yds. ; 205862 in. 

4 . 1635033 itl.; 160055510. 5. 83061} sq. yds.; 37495’ sq. ft. 

6. 54650893 *“■; sq. in. 

7. 1919444! cn. in.; 119139613 cu. in, 

8. 3110671 o*.; 534793 dr. 9. 79480 grs.; 113633 gn. 

id. 131461045 grs.; 459705 m. 11. 3046 gills; 3518 gall. 

11. 1735$ in. ; 66719602761} grs. 

>3> /1440. 6. 7; ^1057. 11. j}; ,£135.8.7}. 

>4* £1041. 13. 8| ; 1 year (of 365 days) 47 wks. 10 h. 40 in.; 

7 weeks 3 d. 11 h. 4 m. 1 7 s. 

15. 5 weeks 8 h. 48 m. 19 s. ; 41 weeks 8 h. 30 m. 45 s.; 

4 miles 1 f. 36 p. 1 yd. 1 ft. 7 in. 

16. 349 miles 7 f. 18 p. 1 ft.; 31 miles 4 f. 33 p. 1 yd, 1 It. 0 in.; 

49 miles 1 f. 31 p. 3 yd. 1 ft. 11 in. 

174 1 acre c r. 19 yds. 8 in. ; 1 acres 13 yds. 7 ft. m in.; 

15 acres 14 p. 14 yds. 7 ft. 71 in. 

18. 1 8 5 acres ip. 16yds. 4ft. ji in.; 1 acre 1 r. 15 p. 1yds. 1 ft. 100 in.; 
4 acres 1 j p. 5 yds. 7 ft. 109 in. 

19. 11 cu. yds. 4 ft. 189 in.; 45 cu. yds.; 391011s lewt, iqrs. 141b, 

io. to tons 11 cwt. 16 lbs. 11 os. ; 1 tons 19 cwt. 7 lbs, 6 02. 3 dr.; 

I 1 ton 5 cwt. 1 qrs, 1 lb. 1 oz. 115 grs. 

ir. 73 lbs. 9 oz. 11 dwts, 7 grs.; or 885 Tr. oz, 195 grs. (Ait. 109); 

11 C. 3 0 . 19 ft. oz. 13 m.; 134 gall. 3 qt. t pt. 

761 gall. 1 pt. 1 gill; 13 loads 3 qrs. 1 pk. 1 gall.; 

38 loads 1 pk. t gall. 1 qt. 

13. 615008 Tr. or. 14. 789 miles 1 f. 33 p. 5 yd. 1 ft. 4 in. 

15. 1148*7 3289 sixpenoes. 

16. 106900 threepences; 18853 half-crowns and i 9 d. over. 

17. 171 thalers and u. yd, over; 1130 dollars and ir. W. over; 

3478 fr. and i}(/. over, 18. 3097 600 sq. yds.; 101400 p> 

19. 80 yds. 1 qr. 3 nL 1} in.; 163 ells 1 qr. 1 nl. J in. ; 43 yds. 1 ft. | in. 

30. 394 lb. iioz. itdwt. 16 grs.; 703^.302. iSdwt, i3gis. 

31. 171911 d. 31. £*191. Jw- 33 - r^ 000 - 

34. 16784001. ; 6958800?.; 15195600:. 

B.-S. A 


26 
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'■ Ex. 31. 

1. /13089. 9.8J. 1. .£10086. 4. 8$. 3. £145568.6.7. 

4. ^4908- 1 - 4 l* , $■ £$ 9599 ' *?• 9 J 

6. §5lb. 4i3grs. 7. 44 cwt. 1 qr. tjoz. 

8. 107 tons 8cwt. 3 qr. 1 lb. 11 oz. 9. 51 lb. 1 1 oz. 4 dwt. 3 grs. 

10. 8c. 60. yfl.oz. 11. 187 gall. a qt. 1 gill. 

11. 17yds. 1 qr. ml. ijin. 13. 1 1 ells 1 qr, 3 nl. 

14. 11 Ids. 3 qr. rpk. r gall. 15. 65 days 23 h. 16 ml 31s. 

16. 651110. 1 da. 15 h, 8 m. 17. 40 years z6a da. j 4 m. 1 J s. 

18. a fur. up. j yds. a ft. ro in. tg. a miles if. isp. 5yds. 

lo- 39miles 4 f. 6p. ayds. rft. 6in. at. 4 roods 6 p. 15 yds. Bft. 141 in. 
31. lac. 1 r. 19 p. 15yds. 1 ft. 135m. 13. C69 cu. yds. 6 ft. 763 in. 

14. 4 tons. 15. 35 lbs. r ; oz. 11 5 $ grs, 16. 79 miles 4 f. 15 p. 

17. 1143c. yp. 19yds. 4ft.7iin. 18. £79, n. 4 hV 

19. £1$. n.ajff. jo. £91.7.2 HH 

31. 190*1. iqr. lyltis, 7 4 r # oz. 31. ifur. 8po. 5 yds. ijVjin. 

Ex. 32. 

»• ‘4 9i; ^44^ 1* 9 h’’ & 9 - l6 - 

1. £478. «5- 7l; £?& I®. 9}; £1. 19. 9l- 

3. £a6. 18. 8}. 4. £$'■ *1 5 ■ £ tf ' t 9 " i ' 

6. £ 6 . 14. 7J. 7. 61b. nor. udr. 8. 6 cwt. 3 qr. 351b. 13 or. 

9. 11 tons 15 cwt. 1 qr. 131b. looz, 10. 4IU 80Z. 16 dwt. I7RT5. 

tl. 3c. 40. [4 fl. oz. 36. dr. 35 m. 11. 30 gall, t qt. ! pi. 3 gills. 

13- 5 yds. t qr. 1 nl. £ in. 14. sells a qr. 3 nl. 1$ in. 

15. 3 Ids. 3 qr. 5 bsh. •» pk. 1 gall. 16. 4 days 19 h. 53111. 53 s. 

17, 3 mo. 1 wk. jd. 18 h. 51m. 18, 371s. 210 d. 18 h. 51 m. 46 ». 

19. 4 pa 1 yds. a ft. 4 in. 10. 1 fur. 18 p. 4 yds. 1 in. 

31. ai miles 4 f. 31 p. 3yds. 1 fl. 6 in. 11. 11 per. 11 yds. 6ft. 17 in. 

13. 1 rood 31 p. 10yds. 8ft. 139 in. 14. 51 cu. yds. 1 1 fl. 964 in, 

15. 4 po, 1 yds. 1 fl, 3 in.; n acres a r. 16 p, 35 yds, a ft, 36 in. 

16. 6cwt. 76 lbs, it oz. !3<ir. ay. 41b*. Av. iooz. iifjgrs. 

a8. ilb. 6 or. 6dwU. r6grs.; ijox, Av. 3ii4grs. 

19- ^3.4.6iH;/8. 7 .6fH. 

30. £1. 17. 8iHI; 3 cwts. rojj lbs. 

31. J fur. 10 p, ayds, 9 j* 7 in. 31. iooz. ]6 dwts, i8}|| grs, 

33* £i l b M- 3&- 34 ^118. J.6J. 
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Ex. 33. 

I. £159- 8. 10; £41.15.9? J^«7+- 9- 9i- 

*. ^341. 18..1I; £1611.9.11!; £ qq $. 10. ij. 

3. £4151. 1. io£; £61879. 3. 6; £43084. 6 . 10. 

4 - £98049- 9 - 9 i 6* i| ; £4' 30- *. o. 

5. £1149.11.1!; £1310. r8. o|; £821.1.5. 

6. £268. 18. n£; £9614. 5. n£; >£"13144. 10$. 

7. >£4921.19.6!; >£68866.4.4!. 

8- £i 37 a 3 - 13 - 8 ; £ 539 <> 4 . 3 - ij- 

9- £44154-18.5; £110611.15.9!. 

10. £8719.1.6; £115382. ia. j£. 

"■ £4959308- 18.0; £56051090. 3. o. 

II. 131 lb. idwt. t6grs.; 3591b. 4 01. 

13. 1006 gall. 3 qt. 1 pt.; 6600 gall. 1 ql. i pt. 

14. 59 qrs. 1 bush. 2 pks. ; 717 qrs. 6 bush. 

ij. 1 58 weeks 6d. 1 h. 8m. 24s.; 1394 weeks 3d. 7 h. 20m. 24 s, 

16. 1 150 miles 7 f. 6 eh. ; 124 1 ac. t r. 5 p. 

17. 185 cu. yds. 23 ft. 216 in. ; 1672 cu. yds. 1911.216111. 

18. 172 Ihs. 1 oz. jogrs. ; IJiO lbs. 1102. l6l£grs. 

19. 107 tons loewt. ti lbs.; 4485 tons j8cwt, 11 lbs. 

10. 5 miles 15 p. 1 yds. 2 ft. 6 in. ; 60 miles 4 f. 26 p. 1 yd. 

11. 1446 miles 1 f. 7 p. 3 yds. jo in. ; 1143 miles 3 f. 7 p. 3 yds. 1 ft. 4 in. 
«. 4 ac. 5 p. 4yds. 5 ft. 36 in. ; 6 ac. 1 r. 35 p. 7 yds. 5 ft. 108 in. 

14 301 ac. 3 r. 39 p. 16 yds. 3 ft. 13010.; 2840 ac. u 15 p. it yds. 
7 ft. it in. 

24. 46 yds. 3 nl. £ in- ; no yds. 3 qr, 1 nl. t in. 

* 5 - £•£• 9 - i£si £44'- to- n}£ 

26. £317.+- oil? £386. 14. IlJJ. 

17. £81.6. u£|; £167. 1. iiHl* 

18. £435. 6 . ajiV; £395- ,o ' °iU- 

19. 182 lbs. 9 oz. 4dwt. 7H grs- 3®. 71 tons 18 cwt. 16 lbs. 4f 01. 

31. 47 miles 7 f. 8 p. 1 yd. ioJ ia 31, £586. rot. 

33 . £545* ii- 6 £. 34 * £ 4 8 - 3 ->i- 35 * £13896. 15, to£. 

36. £16778. 13. si 


26 — 2 
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Ex. 34. 

l. 184; 47. a. 190; 1691- 3. 3/8; 6545. 4. 1119. 

5. 1143. 6. 187. j. 8+5. 8. i7...ijydg. 

9* 9& 10. 161. 11. 61. ij. 397. 

13. £87. 14. 7J; £6 S . 15. 8J, and i</. reni. j £6~ f y. 18. nf, and 1] i. rem. 
t4* 16. 1 of ; £\i. 17. 6|, and i]</. rein. ; /13. 14. 6], and 4 d. rem. 

* 5 ’ j& 9- r 9- nj. and j 24 . rem. ; £35. 14. u£, and id. rcm.;/8, 15. if. 

16. £%. 13. if; ^96. ti. 9i, and 1 1</- rem. ; £p. 9. 8f, and jtf. rem. 

17. £ 10. 17. 84, and 8r. rem.; /1358. 15. 5l, and 6 s. tat. rem.; 

/6;6. 19. of, and if</. rem. 

18. £y ti. s|; ^38. 3. 6j, and $J, rem.; ^37. to. j, and y. id. rem. 
l *> j£ 8* 15. 9], and tor. 4ft/. rem.; £i(\. r8. 10J, and 131. 84 . rem. 

«• £i 8- 44*; £6. it. 9tt\- «. jfi. i*. mu £y 

«• £u 13. 9if}; £18. i6.6f;^. 

13. 191. i|VrJ j£» 3 - n.^iAV 
/14. rs* 7 l ; 14 *. 8iWI- 
15. 97 wks. 4 d. 9 h. 44m. 10s. , and 6$. rem.; 

1 5 «ks. 4d. 19 h. 59 m. 3(5 8. 
id. 61 miles 6 f. rn yds. t ft. 3 in., and 9m. rem.; 

5 miles 5 f. 71yds. itl. ;f in. 

17. 186 cu. yds. 8 ft. 899 in., and roin. rem.; 5001. yds, 1 1 ft. 34555 in. 

18. 54 tons 3Cwt. 1 qrs. 14 lb. iooz M and 4 az. rem, ; 

1 ton 4 cwt. 1 qrs, 7 lbs. 9545 02. 

19. 330 ibs. 401. i6dwts. 7grs., and 6g«. rein.; 

40 lbs. 10 02. 9 d wts. 1 0 J * grs . ’ 

30. 44miles if. 90b. rfl yds., and 9yds. rem.; 4m. jf. 3ch. t^.|{ yds. 

31. 37 tons 3 cwt. jqrs. 10 lbs. 101. 15 <lr., andjdr, rem.; 

4 Ions 3 cwt. 17 lb. toz. tof dr. , 

31. 731 gall. 3 q. 1 p. 3 g., and 1 pt. 3 gills rem. ; 78 gall. 1 pt. if] gills. 

33. 1477 Ids. yb. 3pk., and 3 gall, rem.; Holds. 1 qr. ibsh. j p. off g. 

34. 46 miles 4 f. lop. 4yds. 1 ft. 4m., and 5 in. rem.; 

19 miles 5 f. t p. r yd. 1 ft. in. 

33. 4miies 7 f. 36 p. 7111., and 1 ft. 4m, rem.; 

34 po. 4 yd. I ft. lift# in. 

36. 94 ac. 3 r- 38 p. 17yds, 7ft, asin.; 30c. 1 r. 36 p. ryd. 3ft. 7J*in. 

37. 69yd*. 1 qr. ini. 1 in,, and dfin. rem.; 44yds. a nl. i^ia. 

38. it lbs, 11 oz. 9j| di.j 15 gall, i qr. i-^g, 

39. yx. sir 1 .; tr. loff. 40. 34 yds. 3 qrs. 4 in. 

4'* Ci- *7- 10J' 4 »< 1ac.3r.18p. 43. ax. J0j|. 

44. £4. 17. 10 ; ^34.5. 9f. 
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Ex. 35. 

1. 49. 1. 91 miles 3 1 15 p. 5yds. r ft. jin. 3. £34.18.*. 

4. £73. 11. ioi; &a 5- £1.6,0*. 

6. 7 tons 1 7 cwt. 1 qrs. 1 lbs- 400 grs. 7. i| i, 

8 . £43. 3 . and e | i /. over. 9. 115. 10 . 'is.iad. 

ir. 1059, and 14*. roW. over. 13. u miles 3 f if p. 1 yd. 3m. 

13. 36 miles if. 18 p. 1 yd. 14. 437J; tioz. 350 grs. 

15. if days 17 b. 36 m. 16. Gain £1. 17. 6. 

17. £86.13.114. 18. £1.151. 

19. is. jojrf. «. £14. 7. 6; £5. 151. 

41. £7. 13.9; £6. 7. 34. n. lib. of sugar; toz.ofgold; 

90 lbs. 11 os. 3 dwt. 17 grs.; 418 tons 4 cwt. 13 lbs. not 

43. 3 miles 1 f. 40 yds.; n hours. 44. £1.11. 74. 

15* 2 * 53 ' t(} - 3 - t6 - £ , 0 44 * « 7 * * 1 ; &c- a?. £415* 

18. 4173. i<)« £500. 3 t>* £M* 

31. £993. 6r. 33. 39miles 1 f. ir p. a yds. 2 ft. 4m.; 

9ac. 1 r. 37 p. 18 yds. 3 ft. 47 m. 

33. A, £6. 14. 6 ; &c. 34- £17619* *■ ii* 

35. £i. iS. 6. 36. 408 ll>s. 4 or. 37. i+f. 72 ^-; 9^. 

38. £100. 3. i 4 - 39 * 355 ®- 4 ° * 3 * 

41. £1. 16. ii$, and i\d. over. 4i.£i. *J>* < 5 ^ ; ic. 43. 6cwt. iqr. 

44. 8 Ions 18 cwt. 3 qrs. 45. 4gall. 46. 2 tuns 4cwt. 3 qrs. 16 lbs, 

47. 19. 48. 1 mile 7 f. 41 p. 5yds. 

49 * 54 i* 6 ?^* 5 0, £494^' *• ,w - 

51. 11359. M- £ 7 M 4 * oJ* 53 * 4350 * 

54. 7 tons 18 cwt. iqr. 16 lbs. noz. 350 gra. 55. ^,£17. 17. 9; &c. 
56. £875. 57* 1930; 1151 cu. in. 58. Receives £13. 13. 9. 

59. 585. 60. 58 miles. 

*61. £306. 4. 1. 6*. by£iu. 13. 4§. 

63. 46 ac. 31. 17 p. 13 yds. 8 ft. 65 in. 64. £a. 17* H j £3. 16. 54. 

65. 564394385 gts- 66. £15. 15 ' 8. 67. 4 4 d. 

68. k. 69* 45 * 7 °* 1636. 

71. £11.15.14. 7** 5 yds. 1 ft. 5 in. 

73. 4 cwt. iqr. 17 lbs. 74. 14 00 ; £l- 75 * <>r. +K 

76. 3J. 74 ^- 77 * £ 4 ' 7 * 6- 

78. 5397 rcradr.; 14 fur. 47 p. 1 yd. 1 ft. 3 in. 79 * £*• » 9 * 6. 

80. 10 min. 81. £3679, 11. 104. 82. 48143, and $d, over, 

83. 46 days 10 m.; 40000. $4. 4 * 85. £1430, 

86. jrf. 8j. £ 3 * 17 .. io 4 - 88* 70 men. 

89. 300 grs.; 3Z. 5$<£ 90- 57 min. 45 s. 
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Ex. 36. 

1- }•'•; *• 7^1 r '** j£tH- 3- I 9rV-i jfH- 

4- Tj T lb.Tr.; Tr hr,wk. *5. T1 *,cwt.; .qijbrs. 6 . »J T cu.yd. 
?• ttifar ; W«ac- »• iVt F- 9- 3 di/l >%•; J94 tV‘ 
ro. M; fi/; i- n* Hi b «J tth* 5 -; ssaigrs. 

13. io;f dwts.; Upt. 13. t47i}po.; 6opr| yds. 

14. i66o§ yds.; 887}^- 1$. / ? lb. Tr.; Jft. 16. £ell;^ft. 

17. IflbTr.; fycwrl. r8. /iVi I /rr&’ 

19- £M\ £il\i £sm M- iVilb.Tr.; A»*lb. Av. 

31. isffcwts.; Urton. «• Hqt- 23. IJJcwt. 

34* T W» mile - J 5- 8Hper«» iW#ac. »6. Wyi. 

37. 9$/.; 4i</. { ; lor. 7i; 18;. to*; 13J. loft; £&. 16.4H; 

m. 8Jf?; u. nJJ. * 

38. 702. 4<lvrts.; 902. dr.; 3 dvvts. 33gi&; 2 lb, 302. i^dwt. 8 grs . ; 
i qrs. 16 Ujs. 4 o t. 

39. i^cwts. 13 lbs. iioz.; 3 roods 11 p. 24 yds. 6 ft. 108 in.; 

3 fur. 33 p. t yd. 1 fl. 6 in. ; 4 fur. up. j ft. 

3a ifihrs. 19m. ill.; 37 per. 24 yds. 6 ft. 1 oft in. ; 3qrs.; 

3 ells 1 qr. 3 nl. f in. 

31. 109 days 13 h. 20 in.; 3 cwt. 1 qr. 6 lbs.; 3 days u b. 13 m. 

33. 1 gall.; 30 sq, yds. 5 ft. 90 in. 33. /8, 5. 6; ^4. p. 8J|. 

34. sqrs. 17 lbs. 1 02. jf^dr. ; newt. 3qr. 14 lbs. 1002. 10} dr. 

35. smiles 6f. 3»p. 3m.; iooac. jr. 17 p. _ 

3 6 . 4 days 33 h. gi m. 312 s. 


Ex. 37. 

1. ;£i. is. io||; A.J5. 

3. C^ai. 17. siA; £&, 3*‘ 18. #1. 

3. 351b*. n 02. 9dwts. ^gra.; 6cwts. 3 qrs. i 3 lbs. o}|ot 

4. jodays rohn. 36m. 5^s.; H9ac. ir. ip, 3 f# f sq. yds. 

s* 7- rfl; £$• 5 - 6 - £i- M'+Jtti &*4« «iHi- 

7. ^167. n. 4IW ; £i°*‘ « 9 - 9 iH' 

8 . jibs. 902. {dwts. 13}|grs.; 1 day 19b. 39m, 46^1. 

9. 3 cwt. 3qr*. tBlbs. njoz.; 3 miles 8 p. 
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10. fa. 15, 10J*; fa. 8. 7i T '«- 

11 * ';Cj3- '5- 84 9 ; n-Httt 

u, 176 lbs. 1301. ifdrs.; 175 gall. rqt. iffj gills. 

■ 3 * fair- 3 * ii M- if- fa 6 . 4. 15. 30yds. tlt-o^iti, 

[6. fa. 14J . 17. A d . 18. ijj. 10 \i. 19. 4 d. 

10. icwts, 16 lbs. 21. 4f.; u. 1^/.; i«. 

«< fa l «• y-i 6 s. 4}#. 13. j£u. $i.; £34. 6. 4^. 

*4, 4 ft. # 6j} in. ; 3 sq. fl. 96 in. ; 3 yds. 1 nl. ij in. 

15. tjcwri. iqrs.; ko? miles 4 f. up. 3^9 yds. 

16. 2 roods 18$ p. ; 16 cwts. 24 J lbs. 

27. 1 cu. ft. 604 in. ; 31 days 9 h. 49 m. 

18. 17 lbs. 402. 29, fa. 12.6. 30. iof. 

ji. 132. 32. grtiK 33. fa. 15. tojf 34- j£S°- 

35 - fa- 5 * “if 2$. t6i. itf. 37. ^5. n. 8i- 
38. fa. 5. si A- 39 * *o. slA- 

40. 7 years (of 365$ days) 169 d. 34 m. 

41. lib. 702.; 2days 4 h. 47m. 16s. 4 i. 1800 : 2793 : 3040. 


4 3- 

7040 s 

"Oj 6 

■■ r« 7 - 




44- 

8820 : 

84‘5 

: 8806. 








Ex. 38. 



I. 

Hi A* 


*- AW 

3 * ili- 

4 - A* 

5 - A* 

6. 

AW 

7 

■ HHi- 

8. *. 

9- TT 

jo. AV 

ii. 

m- 

11 

■* iV 

•3* AW 

I 4 « A- 

l 5* 4- 

16 . 

f 

i 7 - 

«• 

8. HI- 19 - 


10. Hi- 

i. 

i- 

12. 

MV 

^3- AV 

*4* TS‘ 

* 5 * ii* it* 

16. 

H 

17. 

VV- 

18. iVfo. ■ 

<9* AW 

30. AV 

3 l - 

7 ewt. nibs. 

3 1 

AV 33 

• ill' 

34* tH- 

35* 

W- 


36 . fif 

37 - H 

38. 

A- 

39* 

j£ 7 - 7 - 

•i- 









Ex. 39. 



1 . 

V* 

1 . 

fap’ 

3. ii days. 

4. ah. 10m. 54AS. 

S' 

131 . 

6 . 

fa. 13. 7 i' 

7 . j£ 59*- Ittf 

•; iV 

8. H mile. 

9 - 

days 


10. 1 m. 

17^3.; 1080 yds. 

1 . 

Hi* Hi- 
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AXSII’F.KS. 


11. /19. 42. 13. 3 h. 3SI m. 14. £$. 13. 15. 171. 

16. ^r. 17. /504. 18. loJJJin. 19. ijhrs. 90. 9^ft. 

11- Ji4i- 11. / 4 +- 8 -'° 41 - * 3 * 1 s days. 94. 35JI. 

95. hA- a6. it. ?7- j£il70* ! * 9t0- 
19. 70 days. 30- A- 3'- JKrH* 3»- V- ^ 

33- 3I hrs. 34. 6 o’cl. 35. Yes; ,1,. 

36. /50. 12. 4l- 37* /8. 6s. 38. 6. 

39. ioJ days. 4 c. 5 i¥fl‘tr hc *- 4'* /<• *4- tff J 8rf - 
41. £44. i-.SiAV 43* 54 days. 44 . ih. 5 Am. 45. ) hr. 
46. 419. 47. 6ii. ; ij. 6kY. 48. 8h. 55 m. 49. 9 hr?. 

>0. } miles. ;r. ${$. 51. £1. 1. 6. 53. 4 days. 

54- 3^. 45 m. 35. 7^ miles; 9 hrs. 55m. 

36. At jh, 35 m.; 34* miles. 37. 1 11, 835 f metres. 58, 1675010ns. 

59* it' 60. 1 mile 980yds.; 153 * miles. 61. $Jj|. 

6;. is. 63. 9 1 i days ; 50 days. 64. 6 h. 16 A 111.; 6 L. 49^ m. 

6j. 684. 66. 89. 67. 37,610,518. 68. 19 yds. 

69. 3d. nh, 4 6 jVi m. A. 71. 3 days to h. 95m. 3 s. 

71. jj . 6U. 73. 11 days. 74. i6$$|$ 75. A™ 1 ** 11 hr*- 

76, 175. 77. 9*. 4 J. 78. 4 . 79. At 34? m. past 10. 80. 3000. 

81. 15/17.4.1. 85. /80. 83. 454 da. ; toji da. 

84. 1 1 h. 38 A m. 85. 5 hrs. 86. 160714. 

87. 754,500,885 J sq. miles. 88. x 1 4 % in, 89. 1 oh. 55m.' 

90- "rA hrs. 9'“ JlJjj miles, 9} miles. 


Ex. 40. 

i. h ' ld .\ 1-5/; 859/ 1. 1408-3328 ux; 3570 Rrs. 

3. 41351yds.; 17847 016511. yds. 

4. *38 pi.; 6840 min. 

f. Z'i 6 ' 5 ; /‘0165615; /00041375. 6. 011309375 ton; -03906251b. 

7. -19965875 mile ; -000439^ day. 

8. -086945 ac.; 0005580357 1 47 8 art. . 

9 * ‘5$5>38dg.; rf90 4 7(>halfg. to. '8979}^.; '346o8ell, 
ji. *911458301. Tr.; 7*15885714401. Av. 
j*. 326 095 sq. yds.; '000625 sq, fur. 
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13. 0191... 14. "4375*.; ‘0615/.; 8-93751.; 34-8751. 

' 5 - j£' 5 ° 9375 i ^853115. /0071916; ^-0078115. 
i< 5 - ^ 3 * 94 ^ 75 ? /1790S15; /.S' 3854 16. 

17. -618115; -00628115;. 618-115, , 18. -9017; -9017. 

19. '4110648!; -09975. 10. -77083; 136904761. 

11. -01663390613; -1614735449. ii. *33878968153; -1667135416. 

13. -864; -7251984116; -7230109(169^4. 24. *882899303; -7265. 

a 5 - 4 ‘ 34475 i *^ 9533 ' l ° 3 r ' 2 S- 26- -00615; *4115; -00390615. 

*7- 8-495; 849-5; '59- *8- ‘4559 j, 87S» i‘937S- 

19. -788157142$. 30. "61357954; 13**255 13101904196875. 

31. ‘1189043367...; 29-530588194; -7498046875. 

31. ‘1469; ‘947* 5 ^: ‘30983701. 35 - -1905; *?840§- 

34. -15658143$; -74571. 35. *900449. 

36. Ji/.; 8/. 9/.; 61. 8$£ 37. 11K; 1.9. &/•; ¥• 

38. 3i. $| 4 ; £5. 15. Ilf; /i- 1 . 6H- 

39. iqrs. 3 lbs. 10*4448 drs.; i rood 14 p. ; 3qrs. 3 bush, 39k. 

40. 1 ell 1 qr. 1 nl. 1-35 in.; 3 fur. 31 p. 1 yds. 2 ft. 3 in.; 
idays 11 h. 55 m. it s. 

41. i7CWt. I qr. iolbs. 8oz. 8-ft-drs.; nibs.; 

3 roods 5 p. 13 yds. 6 ft. ro8 in. 

41. 2 7 lbs. to oz. 6} drs.; 2 lbs 3 or. 6 dwt. 5 ffrs. ; ifin. 

43- $r.} 3 rood^ 16 p. 16 yds. 1 ft. 1 8 in. 44. 3 cwl. 1 qre. 26*05 lbs. 


Ex. 41. 

1 T /+• 13 - 9;^** * 4 - ^ 885/31.13.4. 

1. 4J. iof-68; 7;. 1 «. iof'i. 

3- /t-f- °i'8; ur. /t. 14. 41-8196. 

4. i \ d .] 101. r \ d ,\ /6, 151. 

5. /l. 9*. 1 W, OX. 1 1-8594; OF. 3 t **• 

6. /1640; /117. ia. 2j‘7*5* 

7. /15. 10. ioJ'ooB; /5161. 5, 84-78. 

8. /13. 10. to; /r. 15. 5- 9- £ l 9 - *• 9f : /3- *5- if*. 

10. nibs. 40*. 1-151 drs.; 177 lbs. *0Z. tdwt. 1361 grs. 

It. 2 Ions i 7 cwt. l qr. J? lbs. 7 oi. 4 drs. 
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JlfSU'MS. 


i*. lpo. i yd. i ft. 6 in. ^ tjdays u h. 30028... tn. 

13. *£18. 19. 11; u, 8J $o8. 

14. 1 hrs. 5 m. 4 & 5 i cwt . 1 qrs, 6 lbs. boi. 

15. 411c. up.; similes if. ijp. 3yds. t 

16. roz. lydwt. ngrs. 17. 6 j. 8jj. 18. £11.7.51-691. 

^ £ 9 ' 4 - 8 i- 10. $#. lie/. 4 i. io*. 14*9330$. 

«. 191. ii</. 13. £4.4.45. 24. 8 s.vf. 25. £2.7.1. 

16. rton 17 cwt. iqrs. 4 lbs. 17. 1 sq. yd. 6ft. 31-4111.; £1. 10. 9. 
28. ^.'84. 19. £1. is. 30. £15.11.14-875. 

Ex. 42. , 

I. *i; *06155 -471$* 1. ‘<^$$73; ‘4878- 

3 - ‘87? > ' 3 <S 75 ; l 4 ‘ 49 i 0714183. 4. ’ 8 i§ 3 - 5 - 59 ' 54 . 

6. ro8854t6. j. -95. 8. 01656. 9. -36. 10, ‘0615. 

II. •<»$5 1 386. u. -6303. ij. *13017. 14. *0103115. 

ij. -171496. 16. 3*18. 17. 0071561358... 

18. 10; 1*5. r6; 1*083. 19. ‘336075. 10. -45. 

41 * ‘38l?*. 11. 36* 13. 003. 14. -68ol. 

EX. 43. 

J- 45170 £876. 3/ 4 ?. 5 *. 2. 15015 38*09/ 

3. 8435 m . 1 1625 m . 4. £965. 8/ 6f. 6 m . 5. £194. 4/ 6 f . 8 m . 

6 . £34- 3 / * 5 *- 7 - £ 474 - 4 / }(■!*>. 8 . £1. 8/9;. 7*., 

9. £3051. if u. 1 m . ; £28303. 5/ Ji. 6 m. 
io* £875; £i 6 t 9 Mi- 8/- 8?, 11. if 8f. 1-1359... «. 

14 * £4.9/ 9 <■ 9 m - *}. 7 * 9 - 

14* 734 ; '01464. 15. £16. 1/ ir. 9»», 

16. l£[f.i4«.; 4/7?. j/*,; £3. 6/ 8 ?. 7$ m. ; 1 

£ , - 7 /- 9 f - 3 !^. f 

17. 3 t*.; 7/ 8 *'4K; £8. 9/. Jf.5|«.; 

£7-9/ 7 '-®i OT - 

18* 3/ If. 6J « i 1/, 5.1083m.; £1.4/6?. 97916m.; 1^1-916*.; 
£1.4/ l?. -83 «. 

19. 6/ 1*0416 w.; 9 / 8?. 1*391 6 *t; £3, roS3 «.; 44. i{m.; 

£1.6/ 4c. 8 9583 m. 

10. 7/.8f.ji*.; 6/ 4 f. 8-9583 £1. 3f. 9*583 w.j 4?. 4-7916 «.} 

£5.8/9?. 7*9 1 6 m. 
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41 . £5. 12. 6; 91. 9*/.; is. 1 \d.\ £1. 9. ij, 

«■ £3* it« 5ii 19^ Hj} ifr. of; 151. 8 d. 

■* 3 * w- 34 1 £+■ * 6 - 5 l; £«- 15. Ilj‘354; £19. 17. 61*96. 

U. £91. 15. jJ; £5. ,8. loj ; i8i. 14*0864; £2. 9. 44*232. 

45. 6 f y< 3 w.j 7/ 7 £2. 6/4 c.j 4 f. 3 £3. 9/. ic. 8m. 

16. 8/6*9*.; 7/ if. 1 tn. {or 3 «.) ; £3. 9/ 4 <*. 6 jw.; if.5*.; 
£f. 4 / 6(. 8 m, 

2 ?- 7 / 3 f - 2 «.; 8/ He. 9«.; £1. 6/. 8c, 3«.; 3 c. 7 «. (or 8m.)j 

£ 8 . j ) f . 9 <*. 9«. 

18. 8x. £3. 13. oi; i6f. 7}; Ci 13. 6|. 

19. £s. 6. iof; £4.5. jJ; i6j. 5^ £1. 1. 5J. 

3 °- £ 45 - ' 5 - ° 2 ; 152.94; £25. 13. 9J; £$7. 19. uj. 

Ex. 44. 

i« jC 3°°5« 1 *- 6 f- *♦ £2529* 19. 44, 3. £15361. 6, 6f. 

4. £1139.6.1. 5. £120.1.104. 6. £m. 18. 3. 

7- £57** *« 9* 8. £61.0.114. 9. £310. ar. 

10. £388.5.54. 11. &9.i3-2|. £658.12.04. 

13. £1203.7.54. 14. £695.0.84*9... 15. £133.8.6. 

16. £19.6.54. 17. £130.6.9. 18. £1213.15.114. 19. iw. 9/. 

20. 3j miles 51 cli. 7 yds. si. 58310ns 8 cwt. 14*889... lbs. 

22. £141.7.0}. 43. £5.17-04. »4- 22- io4</.; £48. 10.& 

*3- ‘ 52 .; £386. i 4 . 4 4; £305. 5#.; £220. 26. £7.9. 44. 

27. £3. 13. 94- 28. £1. 7. 3! ; £261. 2. 8}..., £84. 2. 54..., 

£166. 7. 44... 29. 26*5435416. 30. 118*5016... 

31, 6a lbs. 5*136... oz.; 7*82936... 02. 32. 388; n*32gra. 

3^. 365*242218. 34. i 4 ft. 94 in.; 1043. 

35. 561; '0023m. 36. 3CWt. 2 litis. 1201. 

Ex. 45. 

1. 345 kilom. 6 hecfom. &c. 1. 207 kilo!. 8 hectol. &c. 

3. 66 sq. kilom. 78 sq, hectorn. 95 sq. decani. 60 s. in. 

4. 357 cu. m. 82 cu. decim. 670 cb. centim. 

5. 345706809m.; 345*706809 kilom. 

6. 3*5678095 tcnn.j 35678095 decigr. 

7. 708*0905 hect.; 7080905 centiares; 7*080905 sq. kilom. 

8. 457*024060 cu. m. 9. 67*805008 cu. m. of water. 
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10. 65 hect. ares 46 centiares. 11. 18 gr. 613 milligr. 

14 - *^5*75586. 13. 33401. m. 855 cn. decim, 14, 411379 fr. i+Jc. 

15. 13 kilog. 598 gr. 16. 508ft. 9t}c. 17. 7 kilogr. 711-746681 gr. 

18. '9143B61X1.; i'53995 cendm. 19. 4 kilom. 501m. 

10. 1088 rn. 4<iec. 1 centim. * 11. *994113. .. m. 

11. From Ait. 116, 1 kilotn. = *6it 381 mile: — n73i'56- kilom. 

13. 39 miles 68 ch. 8yils. 14. 7 miles 48 ch. 3 yds. 

’5- *6. 19 9118... in. 17. 34855*1,.. miles. 

18. 40*4671 ares; 1*5899 sq. kilom. 39, 130497 sq. kilom. 

30- 1 36 hect. 97 ares 10 centiares. 31. 104749 sq. miles. 

31. 17 ac. 31. 16*83.., p. 33. 1956 cu, m. 335 cu. dedm. 

34. 1 139 cu. yds. 3 ft. 770 in. 35. 47 gall. 3 qts. 

36. 16096... 37. 37314 [ 58 gr.; *45359 kilog.; '030801 millier. 

38. 5-06345 twin.; 5063*43 kilog. 39. 91*6941. 40. itfr.8oc. 

♦1. jit. 4 |</. -8... 41. 358 ft*. 45*939... c. 43. £1. 6.63 -7... 

44' 1*03706... kilog. 45. 10694*617... gr.; 801-714... yds. 

+6. 35*3995... ccntim.; 60 9373... kilog.; 4457*63. ou 
47- j£i, 713.^6. 16. o.J. 48. 49*44 Ihs. 

49. 8*49 gr. 50. fj. 4 i. 


Ex. 46. 


1. £847. 16. 8; £93 3. 16. 3; £980. 6. ij. 

4 * £* 4 * 8 * 3 - 4; £178** 4 * 4 ; £‘09$. 9. 4$. 

3. £866. 1. 0; £893. 3. 3$; £1055. 11. ij. 

4. £5. 14. oj ; £95. 16. 3*, £444. 16. io$ 

5 * £* 3 $ j8- H. 5 ? j£«M 7 - J. 7 * 

6. £964. 4. 7; £1119. 5. 8; £15657. 16. 9. 

7. £610. 3- *$'. £‘89. 15. 61 8. £493. 17. 1 ; £104. 19. 9. 

9. /1B3II, 15.6; ,£10833. 14* 74 1 

10. £5107.3. ill; £378:1. >5- 

11. £1358. 13. 3f ; £31014.7. 3?. «• £10869. 16. 4i; £35978. 

13. £1811. 8. 4$; £11116. 8. 0$. 14. £31559. If 4}; £650611.0. i|‘ 

15. £1408. 3. 4; £1915. 17. 6; £1693. 1. 8. 

16. £41. 7. io$; £966. 19. 7$; £4839. [7. i$. 

'7- £47*4- 6. ii; £13988. 4. 7i; £30504* 0. *$• 

18. £17189.0. 6Ji; £596. 0. 5$ J. 

*9* £9*949- *> *°iSi £ 10 * 78 . *• 10*1* 

10. £676.18. iJi. ii. £1364. 19. 7i^,; £3956. 14.5$^. 

«• £59- 7* 4ii; £57o* * 6 - *H- *3' £5*0* *4* 4ii £3*945- f of tV 
14* £ 49 *' 7- nit; £ 90987 * *7' 7i* 45 . £ 10 . 15 . o|; £ 169 . 8 . u|. 
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3 ' <i* 17 - £fi 93 - *■ «ii. 48. £269. 7. 5 JJ. 

•^14877.0. tofi, 30- £2688.4. oj. I 

/i030j. 17. 4 jf. 32. £44726. 7. 4^. 

53703 ll) s. i8dwts. 6grs.; ijcwts. 3 qrs. 25 lbs. J3&0Z. 

576 qrs. 7 bu. oft pk. 35. j 4 fens 8 ewt, 1 qr. 14^ lbs. 
^i8r. 1. i 4 f* 37 « 5- nfi> 38. jf450.101.1i4, 

40- A 

43 > jf* 3 *fi 4 - » 3 - ii 
46. £26. 12. a 
49 > 

5 l * jfiS* 6- ,0 5 * 


£8095. 4. 24. 

^14360. 5. 0. 

/2057. ‘4* 2 i 

£6. 8. 7|. 

59cu.fl. 1202,‘oVoin. 
530 lbs. 14^02. 


£i- 15- 1 r|; £18.3. 6$. 
4 +. £281.18. a|i. 

47 - £370703.2.6. 

50. £15.18.84. 

5 i - 13771c. it. 1 5 §p. 
55’ SJrpk. 

57. 1 8i miles 3 f. 1 43^4 yds. 


EX, 47. 

1. £n8. 13. 6 . 2. 2 ions 3 ewt. 3 qrs. 3. 361 days. 

4* £:7iB. 9. i*4i. 5. 365. 6. £ro.i.8J. 7. £136.26.3. 

8 - 5475<*- 9- £106. j 1. 6. xo. £57.6.84. 11. £20.2.9. 

11, 43 ells 3 qr. 1 nl 13. 510ns r ewt 2 qrs. 14. £5. J. 9^. 
* 5 - 74 tt days- > 4 - 6 i - ' 7 - 5389. 18. £4. 4, 0. 

19. I lb. ijjoz. 10. £257. ioj. 21. £5. 22. 29?lbs. 

13* £45- 14. £23. 13. n^; 16yds. 25, 39 hours. 

16. 4681^**. 17. £1.4.6. 28. 1 13 miles 592 yds. 

*29. £1400; 3tV- 3°- rohts. 40 m. 36/* s. 

3t. £61. rv. 31. £m. 19-3- 33- £18.3.344. 

34. ifiolbs. 8oz. i7dwts. 35. £1, u. roj. 

3 £3. ?■ io- 37- 1 hr. re m. ijIJs. 38. 2400. 

39. qr. io<£ 40. 3p.m. Dec. 3. 41. u. 8^.; £6r. 18. of |J. 

41. 78 yds 2 ft. if in. 43. 288. 44, 2 ewt. 1 qr. ao^lbs. 

45. £iS 8. oj A* 4 & 7 8 i 47 ‘ £*• ‘ 5 - 9 > 4 8 - 4 * 661 . 

49. 9 min. 50. £1963541,13,4. 51, 28. 52. 25!, 

53. j ewt. 3 qrs 10 lbs. 5 Jfoz. 54. myil 5 ,$in. 55. jyin. 
56. £10. 5, iJrV 57* 6roin. 524s. 58. £1507. ror. 

59. 8 p.m. Thursday. 60. T *, mile. 61. 1 7 qrs. 3 i pks. (in 365 days) . 
6i. 15. 63. i3H®-i *lH m ' 64. £6012. 6r.; 15X. 3K 

65. 104 days. 66. 10 days; 12? days. 67. 275625. 

68, ii miles. 69. 3 h. 25m. p.m. 7* 2 hrs. 3a m. tqj a, 
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,. Ex. 48. 

1. £18. 5. 9; 97 miles; 63 tons. 3. 1878. 

3. 5 days 6 h. 10 m. 40 s. 4. years. 5. 5 months. 

6. 20; 151. 9./- 7, 3 lbs.;* ir. 6/ 8. to; 7. 9. uj 125a 

1 0. 300. 11. 136. 13. 8ewt. 1 qr. jofJJlbs. 13. 37. 

14. 1 Ion jqrs. 16 lbs. 15. 951000 ft. 

16. 48 days; £56. 8. 4; £-»<>• 9 • 9 $H- 

17. 30. 18. 98. 19. 9. «x 7 ft 4! in. , 31. 45. 

31. 17 cwt. 3 qrs. lbs, 23. 1170. 

14- I3» Jl *5* 19*3^- *6- 3611 k. ojotj 9f. oJi. 

37. 11}. 28. £397- 6- 9}^ ; £1 . 13. 6}...; 7 r. 4$-. 

19. 45. 30. iojo. 31. 14. 33. 11. 33. 14 times. 

34- »9- 35. 5 : n; 34- 36. ij. 37. 4 ;hrs. 3om. 54^8. 

38. ly^fU ijfi*. 39 < 40- i6 5* + l - £9- J 6 - «°i- 

43. 6 tons. 43. i:gacresjti6p. 

Ex. 49. 

1. 1601. 3. 494I}. 3. 200. 4. 392#. 

j. 1 metre= 3 • 191... ft. 6. 44:65. 7. 31V02. 8. 1130016... 

9. 24/44^. 10. 860. r 1, 301 J. 

13. 4lb5,8oz. udwts. r97„.grs. 13. 3457$$. 

14. £«• I* 7$7i- *5- 3 M 14 53691... 16. 11-8^3646... 

17. jj- oj . 18. £878. *5. 19. 1 (4 miles 6 f. 13 p. 3Hyds. 

30- 1*7343.../ 31. £3.0. 8^... 33. 16 0069../. 

13. tl / r . Sor. 34. 6 j. 

3}. ^116. 17. 5^-6... 

Ex. 50. 

1. *197, 3197, 8788, 15379; 4, 97» 4394» 8788, 13181. 

1. 3935, 3640, 4»i3, 1950, 3496. 3. £33. 8j., £40. 16. 8, £ 66 . j. 4. 

4. % tons 3 cwt. 1 qr. 18 lbs., 1 cwt. 3 qrs. 4 lbs., r qr. 32 lbs. r 

5. joewt. iqr. i6Jlbs., jewt. 3qrs. 5|lbs., 5 cwt. 3 qrs. 5} lbs. 

6. 5 cwt. 3 qrs. 4 -i 38 lbs., 5 cwU. 3*445 lbs., 3 qrs. 5*437 lbs. 

7. 28 Itg. 501-5 gr^ iiig - 47 °‘ 5 &; 7 oi^gr., 1754 gf 

8. £131.5. 6 < £*19- nr., j 6 4 9 4 * 1 w. 

9. £183. 15/., £133. ioj., £91. 17. 6, £73. i«v. 

10. 51., 6r. 8 d <, 8r. 4 d .\ 5/. 4/., 61. 8j’, 8r. 

II- £59* 7- 7i« £ 6 5- t4 * 8 $* £ros-o- 4. £n8- 3 . ioJ, 

13. ify gall., 35 tV gall. 13. £3500, £4900, £7000, £8400. 



ANSWERS. 


4*5 


14- Lb- » 6 * si. Li- 13- 6 J. 's- Las, L*i°, Li°t- 

16. .£65. i-u. t £16. 16s. . 

>7* ^<79* J - 45 £*57- &• 4 . 18 . too, I75« *50- 

19. /8. u. 6, /13. 9. 6. 20. j£ii. 51. 2i. ^4. 4 j., ^1. i6j, 

2*. 2 cwt. [ qi. a t lbs. , 10 cwt. 3 qrs. i6Jbs. 23. j\\\, ^ iii- 

14. 4gall. 1 qt. ifVpt., 6g. 3 q- 4 iP'. 8g- hVp., I 3 E- iq- iflP- 

15. 3s. ftf., ii. 7^., 5 Jrf. 

16. £l. 3. 4, 181. %J., i 6 f. 4 d. 27. 309440, 313308, 377130' 

28. Ll9- i 1 - L*7- *9 s -> L 6 - J° f * *9- 55, 50, 31, 17, 46. 


Ex. 51. 

I. w. 4$ II : * f « »ill* *• ^carats. 

3. 4:7. 4< 467 ' 4^7» 836 of alloy. 5. J : fj. 

6- 4. 5 . i> 1 I 5 , 4. ». 3 ; or 9 * 9 * 5 * 5 - 7 - 3 . 3 > 3 . *• 

8. j, 1, 2. 9- 98; 416, 124. 

10. 124 lb., plb., iS Lb., 3»ilb.; or 91b., 2241b., 3141b., 18 lb. 

II. 16 lbs., 64 lbs. 14 . 3, 3, 5* >3' 21 lbs. and 1 2 lbs. 

14. 1 ton 7 cwl. 2 qrs. 267 lbs. i}. 11502., 83 oz. 

16. 10 : 7; 5f> *4^' 


Ex. 52. 

1. £ p . 9. 3; 1 81. i444> 2. &*• *■ L *9 - 10 ‘ 7f«. 

3. 4379;. 4- 75844' 5' 34877- 6. 58000. 

7- Lffl-ty-itt- 8 ' L™°- 9 ' !* 4 j 494; a6H? i8}S- 

0. 24; i9f; n| 14 = 11-6638... ; jjf n. u.; 2s.UiSs.4J. 

1. 71 '358..., 10-556, 16-980..., ’453'"* ^5»- •• 

3. 34*947..., 49-3938 26*643..., I 55‘3i6... 14- n*oi8..., 6*476... 

15. 52*311..., 91*158 .. 16. 5‘349— 

i*. 75*084..., I5‘ai6..., 9-689... 18. 9*3167,.. ig. £44150. 

10. 61808. II. 4 J ■ 24 . L*<#> 23. Li<6‘ * 4 * Li&>. 

*5- L&i- M. 84 \l 26. j£fiioo; £168. I 5 i. 47. £3200. 
28. £14400. 49. £1148- 3o. per cent.; £115. 15, 5. 

31. 74 gallons. 3 *. 17610ns 18 cwt. 4 qrs. 15A lbs. 


1. £6.n.6& 

4 - to* 14 - i0 1 tV 
j. £129.5.6*1. 

9 - Li- 17 ' 4 ii' 


Ex. 53. 

4 . £1. I 8 ' 7 lA' 3 < Lm- 1 . 

5. £6. 4 . 3*1- 6. ^51-i'Oli' 

8. £2314. 18. 8JH; ^76666; 12. 3 H- 

10 . j£» 97 ' 5 ' 4 n * 4 $ p-c- 



4 i6 


ANSWERS. 


n. £m< 13* j£is? 6 . io, ioJv,. 14. ^486.3. loJH-W. 

15. ^rem. done £ijt. 14. 9i iVft i .whole experue /19a. 6. ?f Hlf* 

EX. 54. 

♦ 

1. j 8. 3. £t 7. 1 3. ft. 4. rj. j. 18J. 6. 4^- 

7. i&r. 4</, 8. 427. 9. 11 p.c. gain. 10. u. »iJ. 

It. 13} p.c. gained. 11. 41?. 13. ioj, T4. i8j’ t . 

13. £1. r6. 6. 16. 96,\p.c. 17. £1. 8. 7I; 8fJp-C- 

r8. y. £d. 19. w. U$|. 10. £131- 0. 7l{$. 31. £i\. 

31. £6. >3- riW; 0. 23. 10. 34. 392. 23. 6. 16. itf. sw. 

17- 37 HI *5; «* !$• 7* 30. 16. 31. lojfp.c. 

3*. 10 p.c. 33. £33. 34. 1 is.ftd. 35. is. 

36. if. y. 37. 11 Ihs. 38. 3:13. 39. 11 : 3. 40. 55:33, 

Ex. 55. 


N.B. The Answers in Ex. 55—61 art usually given txeully: but in 
most eases is ought to he considered sufficient, to obtain them to the nearest 
farthing. 


t. 

£40. 17. 6. 

1. 

£&>■ 19- 4* 

3- 

^475- «6-4i. 

4 - 

£107. 9. 9il- 

S’ 

£t6. 19. 7i r V 

6. 

£* 3 ‘ 7 ■ 

7. 

£*• h- hi’ 

8. 

£i}l. 9. 2| X V 

9 - 

£1. 19. 7i ,V 

10. 

£*&■ i4-7h?n- 

11. 

£li- 10. 35 1- 

13. 

10. tfttt- 

ij- 

£hi- 8. 4 i H 

*4- 

^1356, io. 6Hii- 

'5- 


16. 

£n 6. 8i H- 

1;. 

^36. 16. 7 5 iiV 

18. 

^4. 13. 

19. 

£6f.t6l 

30. 

£&i. 10. 3}{|{. 

31. 

/7.V «S- »H5i- 

33- 

£m 5- ^ iSU- 

»3- 

£19- 6- 3IIU 

34- 

j£p. n. «Hi- 

35. 

£i - ». 44i- 

36. 

£it. 15. uj 

17- 

j£tJ. '3* HS- 

18. 

&• 18. 6». 

19. 

£p -9 

30- 

18. 3*'*- - 

3»- 

£r <o- 4'8. 

3«- 

/8r. 3. 6$ ... 

33- 

£:• >5- 34*59 •• 

34- 

£h- »5- 3? 

35- 

£1. 19. 8J... 

36. 

£114. it. 6J... 




EX. $6. 



1. 

^649. 4, j. 



3 - 

/59 1 - «-8JtVi- 

4- 

£4&- 161. 

S* 

^393- 1/- 9H- 

6, 

^490- *• 8- 

7* 

£t*t 6 . 6. 3ify. 

8. 

^678. 3- 4iir- 

9 - 

^48. is. 7i,Vi 

10. 

£is 9 - 8- 10- 

11. 

&J9- *3' 8 j iV*. 

13. 

£s& »9- 9f- 



ANSWERS. 


4*7 


ij- j£?*< "■ 3i «4- a£5ny. 5.4I- *5- 4- 16- 3l- 

»?• * 3r- !«■ 4 *9- Si' 5 & 3s- »«■ 3l- 6. 

*3- si- *4- -iI- i?- 4S *«• *i- *7- sy«- *&• 4iy r s- 

39. 3iyrs. 30. 371s. 71110. 31. 4} yrs. 32. 5 yrs. 7 mo, ?o da. 

33. 6yis. 8 mo. 34. i6yrs. ^5. 97 days. 36. 115 days. 
37. 87 days, 38. Jan. 6tli, 1871. 39, 25 yrs. 

40. /191. 17. sHttf 4<- »iP-c- 42- ;&8- 0. 5; ^10950. 

43 - j£« 7- 19- 4i ! 4i- 44- £'*>■ «5- 3 t‘ 7’; Jj&or £1. 5. 74. 

45. ^jy>. 10. H; years. 


Ex. 57. 


I. j£8«|o. 1. /530. 3. /1003. 16. 8. 4. /no. 

f. /< 3 jo. 18. 10J jV S. /1149. 17. 8|J*. 7. /i 4 . 17. nf iff. 

8 . /in, 4- 9 i in- 9 - j^ 45 - ,f - oiAV I0 - j ^59 1 ■ 9- 1 1 i t* rVr- 

II. /mj. 4 *- 12. /ro44* u. loff 13. /no.0.3, 

14. /if*. 17.4. 15. /3607. 16, /70. 17.6. 

i?. /8. 9. nliVSf. *8. /n. 11. ioi T V 19. /«. u. iHJf. 


10. / 4 6. 4 - °i iVnV «i. ^48- 5 - jo. i7- U J. 7 if*H. 
23- /17O. 15, 4}HJj' 14. j£<5- 2' Jj. /6i. 3. 5$ 

c(5. 191. 9&AV 27. 4 p.c. 18. 8 months. 39. /813. gs. 


30. 5 p.c 31. R '* hy /33- 6. 8. 31. S.v. oj {. 33. 6p. c. 

34. /106.6. oi JJ. 3*. 3iyrs. 36. Z/i. n. 9. 

37- /s-2. 1. 38’ iR*. y. 39- /*<>' *9- 3i ?• 40. 0. 

4 r. 41. 80 : 83; /3*. 43. ^45. 16. 8; ^13. r- iojf. 

\ 44 £32. 5'°Hr- 45- ^973-2-<>- 4 6 - Stp-c-5 /}J 4 . 13*. 

47’ Z12. 3. 4; /jo 8. 16. 8. 48. i&if. 49. /607. itf.ojffff, 


50. /ioi8. ;.4UV,V- $*• £■!<*- Si 


5% /•» n. 10. if...; 4 .«»...iuo, 


Ex. 58. 


«. 2- ^ ,8 - n - 4 U- 

3 - /f 4 7. 2. jJ&h 7 J, 93tV +• I ^ < n iiYw' tVif- 

5. /158. it. rjfi; jfi«w- 3 - 

6- /51 * 3 * ' 7 ’ 95 U* ; Zs**;- 9 - l iiV 

7. /t. 4 . j.JKA; 3. E 'i !*aVf 

». ZG51. h. ioJ A‘,V 10K H?H- 

9. /1664. 8. 8J JUi • ^2664. 14 10I AVfV 

10. /5. I 4 . oiSiill 


B-S. A. 


27 
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Ex. 59. 


1. 

A39- 4 - 

7 l- 

t. 

/ 9091 . ij. ia}. 

3 - 

£fo. 4. 3). 

4 - 

A06. 2. 

3 ?- 

5 - 

Ao^9- *> 3 - 

6. 

A lo 7 - ' 3 - 'i - 

7 . 

Ao- n. 

ii- 

6. 

A- 7 - 3 . 

9- 

A?* *- 3i- 

10. 

Ao- u. 


ii. 

A 45 - 8 -H- 

1*. 

A°- 8 - 3 * 

'3- 

A9- *4- 

IOl 

> 4 - 

j£* 3 H- 

1 5 - 

Ai8- II. 4i- 

16. 

Afy - 11 

uj. 

17 . 

A?*- 16.nl. 

sS. 

A*S- t-4i- 

»9- 

A 13 - 8 . 


10. 

A 48 . 7i- 

21. 

jffu- u 6 U 

12. 

At- •«- 

»S- 

*3- 

£2. 12. of... 

* 4 - 

£iS. 14. 8J... 

25. 

A 4 °$- ' 

- 3 - 

16. 

A <54 Q. ioj‘9 " 

2J. 

874178. 

28. 

*3*5135* 


19. 

A- 3 9 i • 

.Jo- 

A«54*- > 7 - 0}. 

Ji- 

A33- <>• 

8. 

3 *- 

£ii 6 - to- 7i- 

33 - 

£itf- 13 . 

34 - 

£{&*• 11 

. 1. 

Jr- 

A®j8. 5. io. 

3 «- 

A«>4- 5- 7- 

37 - 

£u<). i. 

ii- 

j8- 

A 9^- ‘.3« 4i- 

39 - 

A 14 - 10. 11}. 

40. 

A« 3 - 3 

- 5 - 









EX. 60. 



1. 

/1420. t. 

2. 

A978. 16- io* 

5 - 3 - 

AM- >o- 8. 

4 - 

A#. *- i|A- 

5 - 

AM 3 - 7 i *?■ 

6. 

Aoj. 10. 6H*. 

7. 

A 45 &- 4 - 7 - 

8. 

A786. 14. 5 i- 

9 - 

Aoj- 3- iofU- 

ro. 

^806. it. j)i ?V 

H. 

£<«*)- 7 - 4 - 

12. 

A418. 3 - 9 - 

13 - 

A980. 17. jJ H- 

> 4 - 

A' ‘ 37 - lot. 

' 5 - 

A«M 3 - ji !*• 

16. 

A oi 9 - ! 5 * iff) 

17. 

A* 5 - 3J It- 

18. 

A- »4 <>} ri r- 

19. 

A- > 3 - 3 llii* 

10. 

A* 1 - 4 ? ri- 

21. 

80. 

22. 

A8. 16- jHI- 

* 3 - 

A 4 - 1. sH- 

* 4 - 

160. 

« 5 - 

A 49 - 5 - 9 i H- 

16. 

464K. 14. 9^ 

• 17 - 

AV j. 15 ,V 

28. 

A°.V * 7 - *IW- 

19. 

AM 

30 - 

A° 9 - 7 - 7 «AV 

3 ‘- 

ATS i8-<>- 

3 1 - 

373 of - 3 * c - 

33 - 

A 4 ° 7 - 4 - *• 

34 - 

A 805. 

33 - 

A»* 9 - 

3 «- 

Ai 94 - '8. 5 i- 

37 - 

A 3% 7. ?H- 

38 . 

£%l- 17. 9. 

39 - 

A°- 

4 °* 

As- to. HI- 

41 - 

A 55 - 14 - H- 

**• 

A*H- 18. 3 i/»- 

43 - 

£2000. 44. 1 

11/? < 

*An- 4. 4&. 

45 - 9 *A or A 1 * 0 - 9141 - 

46. 

3 i P- c. +7* 

4 *P-< 

:- 48- 37 1 

36. 

49 - 79°9 ! 8 + 6 9 - 

50 . 

Bank Stock by 8;. 4J... 

51. A318.9. 

1* A- 

5 *- A391- 7 - , 0 i- 


53- A3»- 64- Ajt3<4-iSiJ- 55* jC 9°&* °Uf 

tfi. A 7 * 9 - 0. iJA't! A i« - 34 rVr- ST- A- 5 * nit- 

58. 59- A°- i*°iA- 60. £5631. it.’, ^90. 6. 3 gain. 



ANSWERS. 


419 


6c. 

£i-S-6$- <*!■ ^ 44 -^ 

■ 8- ^ 3 * ^ 73 «. 64- 9 *i 

<> 5 - 

1 i7i- 66- £()o6o. 

67 

^2124. 15. 9. 68. ^13854*7. 6. 

69. 

£18. 151. more. 


"0. £19. 1 6. 8 less. 

71. 

£$t. ror.; 8. 6. 8 more. 

72. In A ; ^31. tor. 

73 - 

3p.c.j £581. 1 or. 

74 - 

£lf. 5r. more. 75. ^1824. 

76. 

4I».c.; £1143. 2. 104. 


77 - *375<» f. 78. 15688 f. 

79 * 

■ 4 s 11 ' 80. 3tV or 

£s- 

r ■ °i fr p. c. ; ift or £t. 19. 2*ffp.c. 

ftl* 

iff’ AV?i ^4«». 

82. 

£l‘ »»■ 83. ^257. 5. £. 

84. 

^242914. 19. 7} Mr. 




Ex. 61. 

1. 17511 fr. 4 J,c. 1. tf474 $3^c. 3- 11300m. upf. 

4. 16328!!. 3310*. 5. 1877m 10a. p. 6. 89978.98^0. 

7. 43215. 8. iJ8J. 8. 30369m. i8'75...pf. 9. 4*24. 17. 8i%f. 

10. 9*. 11 fr. 7i|c. 11. 7. 

12. £ tjt ) t . 13. 4; 45418 f. 75 c.; 23381 (1. 25 kr. 

13. 124*2675-. -fr. or i24jfr. nearly. 14. J2 $...i£ 

15- 15fr.73.-c. 16. itfl. 45c. 17. 12 fl. 3 it. 

18. £$. 9.0J. 19. 20 marcs 42$ pf. 

jo. i$=4 - ii429-.f, =ff. 2^. it. 25*001 ...fir, or 45 ft. very nearly. 

12. 51. 0*8435. ..i. or 5;. of/, nearly. 13. 28802. 15 dwts. j^grs. 

14. 11 fl. jr c. 25. 15 fr. 61c. very nearly. 26. Scarcely any. 

17. About 4 per millc. 18. 258*. 32 c. 19. 2*2179... or nearly ij p. c. 

30. Ciain 14*673... p. c. 31. 948. 68|...kr. 32. ^21-16.4}. 

EX. 62. 

1 . 1 1 sq. ft. 68 in. 2. 35 sq. yds. 7 ft. 31 in. 3. 9 sq. ft. 12 1£ in. 
4. 96 tq. ft. 93 in. 5. 41 sq. yds. 8 ft. 1 25I in. 

6. 6 sq. yds. 7 ft. s * in. 7.12 ac. 2 r. 6*016 p. 

8. lac. ir. itp^^yds.; 977isq.yds. 9. 2*85 ac. 

10. nosq. yds. ift* loin. n. rrgsq. yds. ri. 21 sq.ft. 50m, 

13. 7G4 sq. yds, 14. 203 sq. yds. 2 fL 15, ift. 6|in. 

16. 1 3 ft. if in. 1?. 1 8 fl. 9 in. 18, aft. 8|in. 

19. 70yds. 20. i, T ¥ in. it. ift. 5 in. ai, 142 scj. yds. 90 in. 

*3- 1913 sq, yds. 3 ft, 14. 7*A* *5- 759- sfi * ityyds. 
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27. 1 3 1 ft. jS. 8ooyds. 19. 4 ac. 1 r. 3 3 p. 30. 14011. ft. 8 in. 

31. ^cu. vils. 34 ft. 1 504 in. 31. 3 cu. yds. :6 ft. 297 m. 

33. 91 OL ft. 4 ifi in. ; 11 1 $ sq. ft. 34. i 7 5; cu. ft. 35. 6+S. 
36. t09cu.lt, 408 m. 37. ^fi. 1 in. s9s4.fi. 73m. 3$, 3 ft. 6 in. 
39. 3ft. Sin.; Sioni 3cwts. jqrs. roi3)bs. 40. *0000459... inch. 

41. (t) 7 yds. 1 ft, njui. (2) 7 sq. yds. S ft. rtOjin. 

(i) 3 cu- yds- 1 ft. 9J4H»^ (4) 47 yds. 1 ft. 61 i in. 

if) * • sc l- yds. 8 ft. 1 jWj in. (6) 65 cu. yds. 8 ft. 1 183 in. 

(“) 93 sq- jds. ; ft. (t 6 jfg in. (S) 86 cu. yds. 19ft. 800^} in. 

42. 19 sq. yds. 1 28 in. 43. 33 sq. yds. 3 ft. jSJ in. 

+4- 33 sq. yds. 6 ft. 13 in. 43. 62 sq. yds. 3 ft. 38 in. 

+6. 134 sq. yds. 6ft. 90J in. 47, 3577 sq.yds, 7 ft. 81} in 

48. 1 203 *q. yds. 2 ft. 98 11 in. 49. 70 sq. yds. 5 ft. 1 25! 5 in. 

50. 168 s«i- yds. i ft. 5} i in. <1. 1 4 ; sq. yds. 6 ft. 35^ in. 

5 2. I20sq. yds. 8ft. $8i’ in. 

‘ 3 - b * 1 - yds- $ ft. 811 1 in. ; 33 sq. yds. 5 ft. to ; Vj in-; 
iCyftsq. yds. 6ft. jHJj in. 

,s + . 1 13 cu. yds. 9 ft. 6204*1 in* 35- ' p cu. yds. 4 ft. 497^ in. 

36 }6cu. yds. 22 ft. in.; 203 cu. yds. ty ft. 1673.5*} in.; 

44 cu. yds. 16 ft. 29*5} in 

57 - £■»• -t- sH* 5 s - /1. io- 0. 59. £13. ii.4tji. 

60. 14yds. r ft. 61. £8. 18. y. 61. £17. 11. ioJi, 

63. 115yds.; £1, 3. ij. 64. 1 1 3 yds- 6s. 3sif sq.ft. 

66. £1071.17.6. 67. 1 sq. ft. ii6J{}m. 

68. 1 1 cuts. I qr. 1 1 lbs. 9 oz. yj drs. 69. 347 jj. 

70. £3. t.&Ji- 7*- *178 tons- 71. 23 Its. 13! 02, 

73- £+• >■ toH- 74- £4166.13.4. 7f. 1 36 J days. ;6. ljyds. 
77- 7‘i5in. 78. 6 ft.; a ft. ,8 in.; * fl. 79. 83i48 f I . 

80. 37 sq. yds. 5 ft. 81. 10 ft. 82. 31ft. 83. j ft. 3 in. 

84. £156. 8j. g68 years ; i8oyds, s ft. 4, Vi in- 

i'; 

EXAMINATION PAPERS. 

1. 1. £8346. 2. 6 if/. 3. 1421144. 4. <4. 5. £10. 18. to. 

6- 7 - '15625, 6. 6116, 9. £41. 18. 4. 10. 1 Rio. 

U. I. 52084. 2, 1;. Sjuf. 3. 710ns newts. 3qrs. 3 lbs. 40/.. 

4. 3 ft. 9m. s . # ff ; 594. 6. 0001 R. 7. ^,= 006$. 

8. i\J. 9. £37. ioj 10. 673. 
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III. 1. 311 ijrs. 5 b. 3 pk. 1 qt 1 pt. 2. 17. 3. /511. 3. 

+■ ^95^4- 6. 6. 5 ‘ 5ik£* 6. tit- 7* 2. 84 l 4- 

9. 634*898367. io. 26-31772. 

11. *2 163194- u. 6-056. 13. -01875. 

r 4* ■»**• *5- 

16. 5 p. c.; 4136761. iw. 

IV. i- 90,000. 2. ^9. o. i [}; 81 miles 6 £ 39P. 

3 - ^-8; 4 ** 3 - 6J. 4. 44 ; 1. 5. 4 r. 

6. 3 °; '03; 3 - "• «; 'o6f. 8. 29897; 1-21550615. 

9- 44 - 6a ; £4. 1 J. 8-2 10. 25 p. c. 

^ 54 - 3 - 5 l- 12- ‘ 4 - 

V. j. 196;}./. 2. 4 cu. yds. 20ft. 6 j5*i in. 3. fan . 13. 8|. 

4. 18. 5. *0095; I'oi; 47500. 6. ‘00375; -178571445 |{, 

7. 3 tons 7 cwls. 3 qrs, 2 2 lbs. 8. 4701514^, 9. 5. 

10. 44802. 15. 3J. 1 1. 62; 83J cii. ft. 12. 914. 

VI. 1. 1 fur. 5 j»o. 2 yds. 2ft. 8 * 1 ! in. 2. 95IH; is. 4.V » *st' 

3, 4581611479. 4. 10; l ; 1*64761$. 5. iu. iy.; '11125. 

6. 5-9726...; -6. 7 - ^4166.13.4. S. fa ; faS 7 . 8. oJ/.V 

9. 300. 10. I-'irst kind; i*jjj or 1*35501... p.c. 

VII. j. 761. ..16. 3- ^781328. 4. 4i; r 6 tons 17 cwls. iqrs. 

4- 2»]^; 5- /4011-6.65. 

6. '8 >008; 002; 200; 2; 20000. 

7. -4047...; i fur. 14 pu. 2^3 yds. 

8. 2 toils 1 cwt. 1 i|rs. i+JJ’J lbs. 9. 2 men. 10. 15I. 

it. 44520. 11. 360555...; 7 »]■ yds- 7 ft. 6 in. 

VIII. t. 4 > 7 - 5‘iiH- *• ‘Vi- 3 - n 77 J 9 ,<5 - 

3-0688259 iVtVi* 5- *3-171102... 6. 4 '? 5 - iJ..o£$|. 
7. 1 hr. 5jl m. 8. fay n.tyft- 9- 1 cwt. 2^ lbs. 

10. Ii8fp.c. 11. 4 & I 2 - 3 S 1 H- 

IX. 1. I05in. 3. ^1820. 4. 164yds. 2ft. n jin. 3. ’007[8/5. 

6. 17001. ft. 3' 9" 2"' g iT 4’ =* 170cm ft. 542; in. 

Loses 44. 8 . 1*0490734... 9 - 

10. At 11 b. lo^m. A.M. on 10 April, 1871; nh, 26i* r m.j 
10 h. 56,*. tu. 
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X. I. £1905. Ijj.j £360. 1. English navvies; /4000, 

t 3 - Ij; £384; 3.36! -W. &<=. 4 - £j® 5 °- 

XI. 1. 6 s. t,\d. 1. 9 T *u yds. 3. £17.3. 4 - 4 - 4*. 8rf. 

5. ‘00118359375. f. jCz+‘ 8> tii'544- 

XII. I. 71874. j. £31. j. o£. 3. 3II1S. 70*. ijdwts. 

4. 192 ; No. 5. £t.o. io$. 6, 156. 

7. 1199-365134375 sq. yds. 8. i£p.c. 

9. £19.4.11; £1.13.3. * 

XIII. j- *015615; -00704; -45056; {{ff- *• 9*4 jrtla. 1 ft. 7 in. 

3. 7 ft. 8 in. 4. 317- 5* ?t‘A‘ 6. 64p.c.j £574. 131. 

XIV. 1. 7; 00019196875. 1. 00015615; icivt. tqr. lOlbs. 

3. £105. 8. 4; £104. 7. 3. 4. £500; £541. 13. 4. 

5. 100371; -17157...; Art. 164. 

XV. 1. |; 0000151. i. i*.7.i3; 3 ! .5 .ji 5 . 

3» £3.6-4$; **988*8115 4- rfi; ic>9ift. 

5 - i 447 <)<> 73‘94 

XVI. j. i 4 u. a. 3 l; 3 iV= 3 ' 5 ’ 94 ". 3 - Hi W* 

4. -3183098...; -8o8. 5. 180000015...; 7*745966... 

6. 47hrs. 3111. 10 s. 

XVII. 1. £153©. j- £18. 131- 3- £197- ' 3 - Si Is- 

4. -57004987...; 570049-87...; ’4769I. 

5 - iVriVm- 6. £30. 14. 8H> 7 - 3 ' 9 »; 8. 

8, 165. 9. £ir- 9. 3J... 10. 1 miles. 

xviii. 1. £65.11. 1. £6 3*6- 3- H 4* Wift- 

5- £4. 13-4; y - 1 y . 6. -000:7815; 694. 7.£it9-4.84iVA- 
8. 36:110. 9. y . 7IJ. 10. 374 p.c. 

11. £64.6. loiWJ- 

XIX. t. Art. 31, i; 1*1. 1. Art. 67; 19. 3. 441... 11; Art. 51. 

4- 73'5*494«*; 3‘6*86935M. 5- tt- 6. {; £17. «. 3. 

8. iw. 4J J. 9. £4307. 11. toj : £75. jo. 4}. 

10. iqr* 13$ Jibs- II. <p- 7f d '-U- 

I*. iHrl *' 5 «>i 5 .p.c. 13. 8p.c. 

15. 55. lo«7. 


14- j|hn. 
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XX. 1. Art. 15. 1. Art, 67; 1003. 3. 3. 

4. 98^*99883 ; 6‘oi; 6oioo; *0601. 5. 170*3, 100631967. 

6- |* 7 - 8. 70 yds.- 

9* ^1377. 11. 6; ^36. 3. 10. £175. 

1 1. 4J1 p. c. n. 4 o yards from it. 

XXI. 1. 436985; SiC. 1. 1864000; [848000. 3. 1 cwts. 46 lbs. 

4 - £ 54 - 6- 4 i I 5 - 6- 11R; io . 

7. 60310000; 20500. 8. 3366 204361; 137*65. 

9. j£i8. 19. n; u. 8H- 10 > £5600, 11. 7ft. 12, 23 p.c. 

XXII. 1. 170728,547466. 3. 3. 117; *3400. 

4- 7371 : 2089. 5. 35 and 35. 6. 3; ft. 

7. 121*11458...; 14*65714!; Ait. 157. 

8. 6*550477?; i8f. if *4048. 

9 * £ 100 - o-oJiii? £**■ «• 3 1 - w. £675; £705. 16. 7jf. 

ii* i3$fj or 13*765... p.c. 12, 3:2. 

XXIII. 1. 56715. 1. i. 

3. 651*10834; ‘83; 83; 830000. 4, * 4 . 5. f; b 

6. ^13. icw. 7. 1 ft. jin. 

fi- ^6775. i. if; £13. 17. 4H 9. j£6tr. 3. 4. 

10. 1 ' 3 ? 3391 6 7 8 i 79 r - ”■ £«•<>• 3 - u- 0. 

XXIV. 1. 101,001,001. 2. 66; 18. 

3. ‘0000029; 80,000,000; 405536; 5*0796!; jf§- 

4. 2 yds. I ft. 2$ in.; 0046037946428571. 5. 322yds. 1 ft. 

6 . 30 of each. • 7. sM; 4 ^ 5 ‘34785- 

8. /i6- 13. 6; £ i - 1. 6. 9. 4yds. to. ^702.13.4. 

11. 90. n. ^ 75 - T 3 * 34 ¥™>«* 

XXV. r. 74090,296787,694642. 2, 3596,.. 52; Art. 52. 

3- R; if 4 j 1*965; '< xn * r > 8 °°; 13* »H; *66115. 

j. 30Up.1n.Dec. J. 6. 739; 8J; *411096... 

7. £500. 8. 35 days. 9. £502. 13. 4. ro. 4. 

11. ^4725. ri. 39yds. 13. 9m. 1035yds.; 9m. 3 fur, 

XXVI, 1. 3522178, Art. 41; 3998936616. 1. 1000ft. 

3. 37; J4days 7h. 11 m. 17s.; i674daysoh. 9m. 59s. 

4- iVrri i* $■ stj. yds. 4ft.; £10. t6.8. 

6. ,£31767. 11. 8; /6840. u. 8; £26947.0. iff* 
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J. 

•0202522255...; *20i}.,.; wrj- 1 

213 .-£*■ 11* ij; 


8. 

^"34- 18. il 9. £71. 9.4 

io. 91. 7 Jf/. 

n. £io. 

• n. 

7 " 4 * ij* j^Tioi66. ij. 4&ntl £6ooo Slock. 


XXVII. i. 

70047 ..1145. i. 

876576 hr*.; £9:3. a. 

3 - 

^70i. 6. 6J; £781.5. ij.' 

4. 1187; 

9009. 

j. 

iVV«i A- 6* 

« »W»; ‘31*5. 


7 * 

-1898+375 ; 1*/. i}</. 8. 

20 p. C. 9. 

4 months. 

10. 

102713... or £102. 14.6. r 

* £6. y. ti 

£2000. 

XXVIII. t. 

1 53283y... 185803561. 

2. 4410075; 94 1 - 

3 * 

nj’tt*-; w‘of7 + .. oz. 

4 * 10- i T* 


5 - 

4273; ‘04275. 4275000; 3 ft. 

Sin. 


6 . 

jnsq.yds. 3i ft.; £72.8.3. 

7 * £1617- 11. 

; 4 P*c. 

8. 

47 tWj or 47'88 ..days. 

9. 3 cwts. 1 qrs. 

23 11*. 

10. 

£192. ir. ijj. nji/.; 1 52. ioli’.: 151.9*/. 13, 

£>• 11* 3 * 


C&MUtDCf : FRIHTSD IV JOHN CLAY, M.A. AT Til* UNIVKHSITY PRU4, 






